


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1988 


Non-linear material three degree of freedom 
analysis of submarine drydock blocking systems 


Hepburn, Richard Daniel 


Monterey California. Naval Postgraduate School 
http://hdl.handle.net/10945/23329 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
К DUDLEY research materials and institutional publications created by the NPS community. 
FW чу. Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


ІШ KNOX appointed — and published — scholarly author. 

ы. LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 












na k. № € p imam Ao haa ea ek  + A4 и” c = LI a ee LI IT TR as 
e Le. É = YE -- 5 . ہا‎ Je [T eul a ea O e bre rd! دا ا ول‎ ey ey P аы 7 
Реса E © ah Р EDI um m ғ RAS un "Ty a RUP a Pa 0 < یدص تب بل وک ںا ادا‎ Eae QR CCM LEE) 
TAI сетор ЧЧ HE UM. я i - ЖХ *•: А cue qub А then + poe or DESEADA rasen AU TITTEN At ТА A 
А ve BEN -“ 1 я d [ р К. ! ДИГ TN: МР D HH Fi y H COOR nM c epu uai eec ntl 
еу Р РТУ Г are AP ымы [ J > 4 м E иы Шы Mes $a. ~ ыы na Ee ID در‎ ¿de dre "X u ЖАКДА ال‎ [ют ae | eR ag: 
E i n e- ^ A 3 MEE E ELT ا‎ SU EE EE an сола CE IR STATUIS سی سس‎ 
er ets کی‎ E. ре سب پا‎ dt іш 9 rm | = a SP ' E PE 2 v [1 А, к реу уче ете sence Sait c) E لو لت او ای‎ XLI I Pep eS بب می‎ 
VA фм 3 vu A pem С” А é С) ГА и M E At =} rg re е ао LY Are erg. mm s ч осн" 
2 4... = = ا‎ ab- y ro > І р ы سی یی ہق ا ہا‎ ЖР ТИ ТТР rrr PP y REALI 
1 f “4 4 ‚в % پ۶‎ LEE Ре эу TUE 0 J ОТИС, Prem up p E C LEGAT MP 
CR e Фе 5 0 0. обй a ГАХ a кі la “ТУГ” ТАТУ Iw Тү" . 9. 
x » я 7 x 3 , м Й - & QV 0 ۸ М Ч a 5 lA ار‎ i 46: "ы [M 
мөселе er peat LEUR А О h ерд ae oe RR MIA in „ууп ы a O E TE г = jee ce EEE ا۔م ا‎ TEE اما کی لد ات یی‎ he PYTH P A rere سس‎ e Md eri pr رح‎ 
f و ہبی جم اہین‎ RER ee er Об پا سا‎ AE - 14 x a i n AR РИС rhe rm Tear و‎ A Tyr ү RIA A e tes A an и Н i) qi 
° б CEP LS D لی‎ RER a Kab QA code By & Dirige La Y [ >, н ae Rat terra ve Ce À i NA A ДН ПТР угуучу 
с АКЕ КА hr А АД ТЕЛА ХАТА УТЕС r CT : 7 ۲ ۹ نے‎ р Ы у ы "E Mu RE ہیں‎ A یس پھر‎ Я р 
k Е یکم‎ p б , ГҮ Е ہے میک‎ qa - ای‎ = EIU M MET үт” - р 7 ۹ A. LEI پش سب‎ opp edid adc ای رد یں‎ 
F ER E A did wis "a.f. FT OS [ro EN VP else uy, c. o зеге Г: de ARA = d - Ë A ںی ہہ سیت چ‎ eT PN Peter an әді AP. 
d б Ж Br - ES mx = h Y ч he et yt bier Er 
a aba rp 2249 АН P aene d di 1 ai تید‎ darth A e. Ara. her 2 4 n. E pur o LA rl Чуч) 4 ММ ДАРТ.) АРА, یں‎ ами B 
Ken E > n " e ? ) E Ж + ور‎ РО h А Be s : С CANARIA AMA e a mare 
rs “Amen a et: р گر میں‎ ЧЕКА یں ہو اف‎ ey Y A SV oo u р.г Же %ь } سے ہہ‎ ҚЫҚ Қ АЛ ال سے‎ a با یر ای‎ A ii A ie ж 04 944 814 pe 
Се е ew a x Hl RT sky ST E vs سید‎ à -— ê 1 t A نوا مد‎ НЫТ еу منج‎ E Y Tiere Ft nug TE LT PETE туч p ане ашыма. Салы ЧҮҮ 
COSA A Ыш y» pn d he PUTT Motos UR р = n е тас an a Уке LESER TT] 4 o E Mt 8 Age. n г. EX lui ku A ae ADA » bee deeds ا‎ a 
EMO AA] nw oe PIE rerba ne pota Fert ес Pe a PELLUS “4 2 - А ee: Apt et A نے اھ یں‎ , "e H Per eL AP а к? «е “ ` 305 0y a KA ER КІМ АА Y tnde MP Perdre rrr чач Мы ao 7 8+ 
ж [TCU deb 4 LET NEE REP Ordo? ALS EIE d «y 4 m ы. E ак nm р um н МР Аны туура" К ا‎ HEN ЗҮ Poren, М №3 4. 1... 2.4 50 11 AMAA aR e, СЕТТЕ 
AO O یگ‎ 2 y» kure Г Мы е tere eR СЕН "rers ra речти Ча prem y TORO! Fd Bigot chat Roe. = РР т n O AA rc 2.) М. as PW An g Ll (ual o یر ہر ار مان‎ MTM O Ce errr 
Aw: و 4 2 یاود ی ا‎ CO cer Sy HT NUN od e E e А e AAA] rp MS m Р 7 0 ٣ہ‎ # me" T می‎ г P а А ГИУ Bitar aw 2. 4: رج‎ var а pet LINT 
oe тт ТР ЕС eh PRU pa perp nd Pert pr brote اس ا یں اس‎ А TW MAS FT сес NEP TEM ET Ee Fr " ۹ ИТЕ АЛ fe Pee sco t e UP Ñ ачаа тақ É ch 0 ДНЯ a ad A لک‎ рм ^ لی‎ pae [etate mr ; بت‎ s rcr 
Tn ААА Рети Mr کے‎ FED Ce Mat? ne ER OR P afr iei s NN Bee edat, A < ра پر ںا و ہاش تر ران میں کش‎ ad теү 2444! > УУ Ун; داد لد یی وی لی فی سیا خیب‎ = Medii ain Kehle یی ی‎ 
[P el nu AM ور‎ did 0۸م‎ о e a о на В-д м Р 4 к № {| a ы a TR LA Sara A A YAA ey ал > 
м ta as alee gel +چج جونے م‎ MATAN IL Sa РЭВ еф He PT AP ААС De а ” و‎ Ton x سی ا ہی ہجو یب‎ yat apes š HI LL tee eet) ey COLETTE EIET PI INERCIA. اا‎ н 
е POR Ie К К ТОЗ реч ا‎ PERPE metra ا‎ Pr T NICO КА 2 м2 ' = : ^ И O ETE AI PA RS РУХ e. 
(5 т ыҚ لس‎ q 2 par URN AR ror jhi Ty Qo o ASA MA A RT a =. 4, ت‎ e © y وہ خر ری رق را یر ریب یرش را ہہ‎ б ye зуы мекені Rr لی یی بر‎ D e Id TEN یم ا‎ ^ Perieg denda aient hy 
A ANDE qe ON ا‎ А ll А ВА dut . "post crai H AR n^. TP ) Y ہے‎ ТТР ИР ایب نہ ہے‎ - RAE EA y ci A A ہی‎ К А ЭЁ تک ا‎ mM و د ا یا یل ا‎ алдар а. 
n AAA A UA СҮТТҮ СЕ ТУ [ея RA E at : n йар Pa a y а: ы Miers Use Make ae e e TN An LR E, TINA an ria! ۱۸۸۹۸ ا وپ زی ۴۔5‎ „ы АРТ q ا ہیں‎ yá 
چ ویون ہچ‎ E ferry cn ER МА. 5 سال‎ ^ TAR "РАГЫ eg yu. sims П "m С NA enr p Ferr ^. mirae. و تا‎ 0 aA ID AA iu ANS, аву сев Виа лен тад о 
Q АДУ уре ичде aba De e m тұра a 0 рейс A = m. ы , ^ بے مب‎ Pr PD Ir De Tres نت‎ ыы д Ағы Аы, [Y oen 
FA an ined ad eei rr MIE pet РСЧС амины rios] D eV an d سس‎ д ai AIN A یا سیف‎ a 1 1 ا و ہیں میں لع‎ A ویوا نې‎ 
Ы ПРИРОСТ LAE Аи ا‎ e б: mi --. مجح‎ К А ç ^ وٹ‎ 7 ч dr al Teer) LSO RA AD алад ад yv 
A ch Ree ٠ سی‎ aR CMT Oh > ? aM м A мы ...یں ا‎ мз, ا ا‎ Е ۱ E Zu EEA DE n ro En VOY eA gd rhe, بس زج ینب‎ 
کم‎ ОД AD 5 РСК MS ریو وب را ہیں‎ E ou 2 ^ д, . А ` ч 4 i n E 7 з Ли ЧГУ «а 
کک ےرہ‎ = За АТЫС eee RR MrSID СИ sm ОК ON ed TER RE udi en i Ee = Ps. al aly ec ees Mu سک و سیت‎ я estaran A REA e رک یہر لاریم‎ ОТТЫ.) TEA or ur penetra 
м КЕ Bi Б.“ НЫ f LT A رہپ‎ 9-е 9 з . اد جم‎ ee "m Г i-i 77 N ' en + PARA оаа Кү үр 0 P ہی ری لس یو سم یش شا‎ ۳ Айт 
dia: pretii pp Pee TUT EN (CHOC ым کر ہے رہ ہے‎ УКС ИЧЕК TE еден Rn پگ‎ ٦ iudi MORAL ER rr nnt ЛЕХ e ور‎ TTT 489676 s EET 
а A 04% SL 25T ы еқ) > x m = C ا‎ -,<®- ] П > xw Быль ЧЫМ RER ج چو‎ AS AT PRA NT А ч ын ары ылыы ы ы ARA موب‎ 
پٹ‎ A A O ara. кк y AAA IAEA HH Y AS سے لکیہ مم‎ д An И DRITT P peius LA e I rs rocas! atan Ta کے ےس‎ 
nun و یں ں کا سس اج‎ УР O T тте سم‎ e т. .. гіз ғ š vu SAA A A 7 .ور‎ En ү چ و‎ нь یی رس پان‎ y 
ARA d AAA AAA а 2 6 ۹ - A ] мең ©. Ka pa Y ea ER ee > Mira. ce ed ر یی ینا‎ терең 
417. re re AA AY FALE سج ہے یرد ا سس وریہ میں اپ‎ a ی‎ 7. т.” > + P ATI £a 2 TIME LEES I" PENE pa ری چو رد‎ > > р 7 Шон учен Pagar true, DE A Ent 
omy AAA ae ha AA و‎ А ГР Е darum UMEN. TE os n ^ ^ - d к d Map. asl daria АТ رک‎ IRR TTT pt ےھ جہہ‎ ран T 
“or eer yer ree e ا‎ tmd O 909 ARICA RCA A O уру ا ا‎ A E. Mw A .. 1 — 7 р A E Sq em erg rir v PA М Тен Да Дат тете, vehi termes tg 
ےجو اس‎ A po rr er ele AAA AAA аиан вел еар را ا ا ےب وس‎ o barco Ap qa ee A یر ویر بھو‎ -È j : 3 O نے ما سے جو ا وا ایی مت پا یی ا بس خیش‎ a р e rade i A puoi Siam in en ee ee erty руча ee 
TEEN یں‎ 45 чеА Ар Llao a жолды Мы” ӨТЕ ЕТІ ^ = ا سد‎ LO е (1 = мл ВЕУ СУЧ тузи ptio rar ¿Grid Lol RIA AAA AA „Ыл, A E vom pta trend ee en Kr үч 
ینا د اا ا‎ ë 7 PUT rS و و رس رر ہا رر رہ‎ ILI UN CE M ge > AA RE EN Ls Ee) we ey Oe Oe P > "T е نے‎ A سر مت ا بی ہیں ینیب‎ 
YT L i... Erden POET Oa A پل‎ мўро Мы; ہمہ‎ ٠٠ = * of AL E e ИРТКИ e A EE ep” a. A bes QA! 3 ہی‎ x s ہے سج‎ дыы м OY uki Asha ырчы سح وو ری یلیہس‎ 
ZG > DL AD ng e dee میں‎ К > uns a 0 - ہیں‎ "drole TE T АЛ 7 rn A Ды АТА a TT Trey 
A E i 50 = Poder vd iere A AR Е 2 سس یرہ‎ К ИУС NN e - ж.а егі E EA ee ». rn Га ы سے بیو رش ایر ہہس‎ EY aaj Ü ed e PRA 
учи H AAA کر ہد ہیں‎ TS TA ok PL ^ ^ : m Ç رو ںی کش ےسيک سی‎ T АГ Ру Te Ax M «Уды E ча ба Вод кА 
pate repe, ondas оні а RE e prlde de отс E? рый = <-> IET n An - LE Mp reU n EE. rte v a a ا ہبی ام‎ as Fy m nn 
У i b Ç ? v k i қ 1 ۲ 3 " a ۵ پزرک بس‎ Pond i Bene PNE RP ys х Т КРУНИ 
Fe LU Tu soos. ачи rj YAA AA A me 5 A ORE YAA AAA ү ê s 4 m. Bit MELLE ae ге ATAR ھ تب ۵۰ھ‎ r B e Poy қылы سس ریا رہ ںا ند‎ орнық да» ا‎ 
Aat = Pa a e GAM rip — رر بی‎ LETT) L K я Ë ^ cH - т” ^ = 7 - Wil ger > Pa = 7 ы ae. ТРОЕ IO AAA AA E 
peera ar e E e E reda EA A Meu М nr не зер грло з — 2 pu i A тесі = A sn yu - a apr we x ار کٹ‎ оа T Ede A YS Ар pt en روبجم لت راودا یرجہ یا ےورس سج رہاط جن چس جج‎ ae, e APP rire reine] eee 
Weed re pae eren سے اح نا سی ہے‎ ite O SR pi e. ра ve? Ja . 2 one Mint on. qa ےہ ای‎ уча matin eater pens preter ip иж ии 
ид рот Оу AAN ا‎ ORETTE pe in Ro APO su rl D ۰ ы і > num O ы. ICAA Rey senate were ps ماس‎ pred ИН НАСЫ АЫ А hy ا‎ 
ر‎ e a талан Ама чафо iod ii p TREO ГРН ` می مہ‎ ! un Be gone Lor MEL a v t E о dnd aras А ЧОРСИ сыла اہ ا و‎ 
سی سے لہج سب‎ a eia AAA T E ve : - Bet. bla. шеті BELLE Po er tee) سی ےسیو اتا‎ Aa MAPA 604 QR UA, 
iS ЧТР ҮРК Ped n Igi part ATT eo Zr M چھ ی‎ ed -> ~ м, - سای بس سے‎ vr LV reru ) E ہے کٹ‎ o 
EA ER Aa rar p capa tras afr. ay P. ۲ ^ ۴ a PT AA A OILS UDOT TIO 0 а е "d РУЧА 
¡SAI IIS ¿AA PATERNA A E ШЫ е-е: "arg epp PE مہ‎ фе шы ak FNIT Mo C PP سی‎ EP 1 ^ Ё " IO POR EN a a AA a Ann nina. 
PIT SET А eee hl i a aA Pes ы P ў DIU #4 پشس یا ےی ٭ جز‎ AN e AAA DAMIAN VISO e nth PA rá APP B nap P Ard урсана p 
"n Asi маб: уз 5 ТУРТТУ e = ANA FR N ES "M aa к. Я 4 Б ма A Я parent f er^ ui tuc "e х ۳ 4 منوس نوم چە 7 ا‎ A аии 
ہت‎ de әкете OTO IT pra راو‎ hr (^ С ۴ MENS 9 QR 5^ am | a> at = = w^ J-- 4. مي‎ . rrt بیجم‎ e پوس رر ہے ہد می بی یٹ رر یی‎ са р жыла a Purp 
E rr сае gie dei ATA A Г иет ae buf cep луч, Чы » ven LaL Kar dall хе TUE | IL عد مقاییھ ہہ سے مویہ کے ما‎ SRA NR A Pr 
б » pie ae ee СИ aJ B d e r ty: pete rent TD a > E 4 - » (TEN P a ET mew ap Ad ui L ا‎ EA جس وس‎ led Lis LE Or PN ETT Тени 7ت‎ begin T 
E ie earn ہی کیب این لیا‎ ee ғ POV PUY AA te ne ور‎ L y М Mero А E тту" و‎ = M Ка“. ЗФ арии quitas ہیں یں پروی موچ‎ RARAS DAA Ma 06 
a کہ ا ا ہیس یچ وھ رز ا‎ I ESTE d ar г: A е V^ S = MERA 38 NE гч ‚ыы لیج‎ dii САТ maia da Mu iid мены bibendi eo rie p ضر‎ 
О MPAA О iE ы u ph Be pair و‎ eniin" یی‎ ee s. E I Oo ver سی‎ P è Ана ао میں‎ " re f 
A 1 کی‎ МТМ DARA T a با سوہ ہے پر کی و‎ IPP AUGE TOA O A MY pr ' Dr Ё М PRU ОИ ФИАТ mw S Pent - мт O ER MP EE DTP rm eer ey ig DT OTe ا‎ inane Narpa set o AU AA e e 
ë eto na A < ч a اس‎ nn یں یں شب تسم‎ dod 
A bid Й AAA o Жаб ді ft ree eer ET gm a A E E ғ зч 3 AMMue 3 4^5 е етеу арр" РЧ, ч a a PERO Sr M مرح‎ n wnasgpa da ور یی‎ 
سی ہر ہے‎ ELLE VIE М SRT AAA ا‎ P PLE ы т чө پیا ہے‎ ММА سی ا میں جب سط ںو یں یں سٹو پیج‎ 
ا رر ما ےم بے ری لے‎ AREA AA sa ۹ P ARA йы Ар „е ~ — e Pa a . | ML LP Mgr oro etl AN Ч | езді D رت ےباب سیر شک موا می جح مہ‎ ы Уры, ےر ہیں ہد مد بی دہ‎ 
de nra لا‎ A КҮҮ КӨ чает з 1 м ^. , Coe - و ا‎ ele ea a LL 0 لق سا‎ тартайын و ےرا‎ 
a den odo NP n A bald nd yaa y tato чю - © » m یب‎ а L 2 л „чм. "dri M ket cog 4: ae P> ہبہ یہ وا‎ hr جوا َ‫ رر ری( ہر رد‎ Dr OR 
ree ایا ن ا ا ا اک ام‎ 4, PA AAA АЫ ылган ہے‎ а ате Re ; М a “л! 4 e OM WAT Фф "4 A RA "Dp Ol 
ня AS e ای‎ о Pen ne ER Su CHR EE. مشش می بی اعد اس اہ‎ een ia a en ہی‎ en el RAT engeren 
A OT a چا‎ d Ж танктер Ta > 2 ^ mare ۴ AA A 7 EP S ú. SAO © bn Wy Te AAA AA hà. ды Faden fair) ei ditti Аы. a М нада а TT DP DA GARCIA PEER 
- مج‎ O T a aa қ “олде? аъ” ез ga? — eR rush ^ 9. tU uo bd ПЕ AAA та М اس ہے رر ےہر سس فدہ می جہ 6ٴ'‎ 
A AAA PP м O SR А) 2 bed Pp ar nn PR еее aun EU VIT TN м a = x. ие ۰ہب‎ a" وب وت کی شف‎ ыч ہے ونب و ا‎ e фу К-ы Аш ама аы L I q рб Drehen) tip ee aqusapa qaa apan 
IMAGEN RIA ii سی موی‎ ml П وم‎ S i ua uu Bi к AT eda, ТА ОИ" ` Нид رسس می‎ oes Art aah o a. ڈ‎ Po nenn hie opus 
A САГ AAA CR Prr AT ود سو راس جا دس ا‎ ya 5 " D E rer Artt дыр E ti Aries Аары ee RAD bete boy 
چ‎ 5-2 AAA A e NS А несер esie siepe PEN TEN А a u Cis — G 4 к دس‎ E ыы ДА ЙА ыры دا‎ ҚАҒЫ No m prr e IA w. nvr ip Drang Le p e иы 
¡me AAA ДЫ ANA УК ТЕС Л ДА ka г ? ana rn Lu >. а ۰ 2 zum P LLL 3١۷۳٦ Pe = ای سو ڑا‎ OO DRAE جب‎ rer aU grat e E RP 
Lu یرت تہ پر ےب‎ bak IP ORTE U en JK n ° - > [Lr en? nem ار بر یں‎ Pert plc nod ین ہا‎ ٦ سس‎ 
مہ = اا ن ا کک و‎ А анне) = er š ex ۰ LITE E н "^ >» D = b اتی‎ ы M Oe eae e pau м ea 
A bmp enam eg A 9 er tN ا‎ ah tel ate ےجو اصبرک‎ eae pat ta e СН PI Ee s جع سر‎ = ç б қ m EN же Заты یی‎ кірді. pre چیو‎ ү بی‎ A orto bre пиры пери 
en ae et as rue per qeda pr نو سر‎ A A A ADA DA mr 2 uen آج۴ 7 7 ہے 6 سم‎ M ^T PT A e EP ETE 7 1% کو‎ Sade D Dolo MY Ret eur ER a E ONO Am ao 
re بہت می ام‎ O ا ا‎ жым en eeu paie mode ан 524 ways il بے صد ا سو‎ E -і Je «q ^ 1 رہ بی یں‎ ap وو اھ ےووہ ما مرج د‎ а terrae تی جج‎ rri а سر فیک اح ہیں‎ pr. دج یدب‎ nda car 
E : d ep A ..>ھ تھے‎ ٠۱ n ite И 1 Pe E a£ ы ж. " ? ы 3 AD A AA وسر سور سر را‎ ы тар. ` و‎ 
бы ани سیب ہے‎ pagus m roo od сс i oni oi а j: ^ Toe И" N » ve em d - T LR te x А n А ы ےی شید‎ b aun 
и iri SOS PRI A Mte PP a اپ سے سور سوا نایم‎ 0 e zŠ p. > = qe TE a O e P: Шырыны он io ҚАНЫҚТЫ rl gr irre ae o dr 
Bene tee ee A O a ee i оа. o ا‎ = ot аша "u z- وه‎ ww un 9,6 EL uu аг red do er ee hrs пророчит 
EN АЫ q اک سے نے بت بیس با‎ ov کی ا‎ ың Z " б ٠ ry "mus کے ا‎ М A O 4 рай жым papa rm 
مت ھا ریہ‎ OT aera a pd ad лесс кедейі y. еке tor een iit Se aa ei a, = $ T - "e چا تہ ا ا ہی‎ ое - nsa SI COT TOOT PhO амы رو رر ںا‎ ve hie i N a ann 
NA A нүен As AAA سا‎ ld A ы-ы МЕЛ سس سے‎ uh. ла "NUM u tA Po “ ` 0  - .- ار جس‎ о مم موم جے تے و ۷ی و طللائق مااہ ما‎ E e A وسر رر بن‎ irse tension er tret ета 
D eo NN AS A ier ponerme qr TEE A prre > oe СРС لگ‎ EROS ` FEN T DM. pigs وو‎ mers et DM خر‎ TFR نویےم سج جس امم یچ‎ AS ыр бышы ы eU sinit 
Meer ii ا ا و‎ a dl dao A EAS Ў" 3 „үш: a a р млл s m А 44 „ыы он .ہے‎ карий جس مینند‎ Валь ра 7 tubam pipe cera ee کرت جا‎ ui pig ts 
ied es Rod outing Inde т E EC A ee M ti gea m А - Sa me EE тер лғ ад руа ear бра ای‎ i rey О enimse une 
no: i Q M نے‎ = = k ۔ یشخب‎ a = mv ^ fe net аа وم ہو‎ 
———— سس اااي ي د‎ С м papa Urea ADO an o IU A YA Y ды م “د‎ а š 5 E دی‎ А a Т T " m 2 P ELT TET بے‎ - o.% at a رر ین رب‎ ү" کر ںہ یں ہج رر‎ "T am^ ^ (Ub Bets alti nee 
аре бы маан rane Fa IAHR a и е Ms UON ұға ніс, سے‎ AE rem B ee i ل د‎ Aa . ` m re Ж” mw en ro A = n^ alae ar ger an ойле مم بش رھش چو سے‎ ORE: De ri he SP ade nen 
ری لس نٹب‎ seii د‎ A A з O A A S Vds h pines decor SCA А " T a P OR M - APA 4 ÓN NRO а абада taita "mip'uwanaa ی‎ inasa papa Twwarw'as 
T rj М P >. < \ іле: as Ы Ч yy p MR IL ed бы e eet, a С 
AAA ورس سو سی ہس لیب ای بی‎ reed ای یدن‎ a ió NN дее r " " Runs xs „ыы ы 9 һаһз ЛЫҚА мы И у : Vespa VS A A on a ¿ÍA a Or 
обі cm а. е pop рр ere pli ld л ОВ А کہ سے‎ E т и исі aT EM а т II nd oa e rr РА یہی‎ e a ao eaen Y رتس دح‎ ыдар 
чирен тт E „ыы = yara Ay A RS т Es ез А E: А 4 win al "m" а C e A hy = а E 1 p m оон Р ide a e m in 
7 ساس دس ماس شر و اح‎ оч a ا رھ س‎ pe id A C r ке м y» А: ore @ б А . 2 . . .... 5 ый. ЙГ: 2" z- en MP e , Dm" ^ =. ort га» reir alm dnd ааа eid a EE ens et tetas pgs ды, یہار وہس ۵ہ نت‎ чы рыма ри aaa بسرں‎ 
aia dara fare Ap PO AD ырл) PU U KUU Mh a A ae 3 eee 6576-25 SES .. P se B f а Е van Р e Per, pA. rM. Msi JAMES x чү 5 да می ہے ہہ‎ e Peer سر ا‎ usa iota ro 
"e. рее ета ре الہ‎ у: NI TEO A سے‎ us 3 d - 0 Же A : PLI з "m et M "Ue uv Me А Фомы x 2 - t FD ый er оо UI hate ee دبا‎ отл ты о о سیت یں مہہ‎ 
armer لے‎ peg ente A pig dalla er С. | = o" - = Р По б اس‎ I мы ^ 4 М М > I ے‎ ^w Ls eren i а Ро o А айла, кке ы Ыра it Лу 
A УЕ ET ef о ао енн О НС Aa” ^re art ں‎ - 7 bis пе en vom. Aer, A a te LL T vr RM (BOE EIA RUDA nal ABI شس‎ adi Amas Новини 
: : A Е ` ir ve a е bul ы р ا‎ D М 
A деші мекені rer PT RE dedu" ey o. او ےی جار‎ ine یں رس‎ PIER 6 کے‎ A SY A Pl = ara اش جیر یا رجح‎ a awpa Abe prep re ria ۵ سی مھ‎ VM TP 
Феде С Жет A Se une یوین‎ * ыс р ы У es Е алоб 
A die ا‎ SN RA 7اا‎ б қара ege yt мн PE E а А Аб E с м Е x 2 pa o haqay рее یا لد میں راہب ہی‎ eng фм بس جا‎ йр em fS "us os 
A К рер ç vut pP PT . ابو 4 ےی‎ alo e ^ 2 Pr "Шама алы ae) کو‎ Ты мыл ارد سد بب سو رہ رر‎ кы оныда ны е Ады ыы ОО ОГ АЧА = 
4 Mid ut РЦ = ei Fr vi ^ PE т T Li ^ یں‎ 2 пх am счғ” کا‎ 20 ағы ads o ہو‎ - «<a 
A - ñ РРР OTT ODI IO TD > ^ 2 " H “> "m 7 m ж "X^ 5 қ E NO TOPE 9 t a وی‎ А 
М a D ame mer are — M س جي‎ ш Ў Н ب2‎ o des de AA a арр بد‎ er "m clit, cin 
оаа sni mila Mo A A E " mum š n m uu a A A^ n > جو‎ ГР 7 ка меры Кыла Мылы id جا‎ да ыйы ан аы EE dia 
ری پر‎ T од. жм А P pa war 2. = сф. ум Р L 2 rn O ba REALM SD ^ чо. ЧОЧ РТО 5 маны ылы ы A o مھ‎ nou "P “way. 
en A 2 = a A ыы aem е Р `. to p | и ال‎ ye E "er, da pa ا ا اکا‎ айр E А она д AA x re sl! honi 
ee A ee ГОС a Somes Hape ipti QD do m poi al کی‎ A di Алы * € p S: |o mot, > Ar A A m C AM м de Geet e ou. iir Қ; دحا‎ a 920 at Lae A o TOTO eM qu 
A A Р ЕНГЕН e pA PP SP eo ft come Ce 7 A е ` a rue e cum 2 . چا[‎ ырымы дыр, ہی ۔_ سا‎ Pda йанда дидир ро бу سد ر رر یہ مجوسً ے دو‎ 
<, 3 A E Ll Ld hd 0 ہا ہت‎ ۳ T ۶ . «+ E ^ ^ [IU ‚в И em Ç калды ыы ы Гн rb 2 
O o AA A A AAA 7 E б Б » -“” PT 2 r - 3 мы کرس شش‎ a e m پا‎ а عہ کا‎ эө чы 
ee Бае N. ceno aai AA лаба " Rn Ë بدا 5م‎ A ы Шз эмо - ۳ D " i i i s> p Pr a 2 " < ee ур ا‎ 24 Mors Ж ro Ma ا‎ a E جا جا ہیا‎ hre АА lerne Ц ee 
pod A, E E А В a A aa A a rer " " . ^ t ES en m u. rabos a. do wea رج‎ en ہی‎ A а 
рур ж is Е EN o go vedi سر کی ا‎ wed. mme IS z eun ME. pot ía 5 ۰ v . 7 M Are 4- е 7 w 4 a TF E^ جات‎ е m Pe + Www rh. e ي نے‎ чи ےہ ہمہ‎ аршин A arta inh عیام‎ E 
ee ЕА а nme en en а uns Кызы * ار کا تھے‎ P А .. z +» а ж .. œ " = LUE se. ot 22 == ` mI ا‎ bore ital, ۔عی مج‎ чарне کہہے ہر ےید ہد سحجمہ ےد ساد وا یں ہہ اس سا میں ےس ہم ہر ہہ‎ en at 
uuu hah а is М n ад ی‎ s: 3 E Я .. .. кай - A т ۰ m we e А Ар оь T Orario НИ 
Pros es nr ow We eo Fe ». . we .. . L PT ете Сеи Matar o me rats e a e e — > 
idu ota ad A E Ы ñ M => n > E A > Р . A Р; 4 3 AL O ide 1-2 NE و رولت سرت سرچ سس‎ 
ды sa is o os ہے کے کی‎ 4 ра MD Й РЕ p^. وس و‎ Ы от cionis مضہ خی جا‎ pre O Т 
A E a led tp A tt ры КЫ A PS УТ ا‎ Te 5 . a "IP | هد‎ " - + DT om а ee نوبددو-س ا‎ or ہے ےو 6ھ ۰ن5‎ anar 
аьаа A a iex s E Pry ert A E Б رڈ‎ E рғ 4 - ~ азал о о таратат А... aya ۸ج ممد ما کے‎ pa о O ممڈیچے دہ“‎ A ا‎ 
A E СШ PASASE AA A ды 1: e pr E m P "T a INCUN PLA ےہ سس‎ ES , n a = de A >» چا‎ ма M mE wh ds T oh am E o یں‎ 
AAA AN E A do E TEN = 5 я ۸ 8 Е m 2%” Soe aig ur سے‎ х: Ру E i iaa oe د‎ E t LI epg کے م‎ аА ہیں‎ 
m ARA MA ی‎ LS وید سس بث سس سب یئیںب پیر ے۔۔‎ ы Ы = А > e м. о * E 1 ` PS 2% р Уы E А DLL PEE مر‎ AERE یس‎ AC PI а ا ا ا مہ‎ 
تیہام سے سح ےک سے لے‎ A ا اص تج کر و‎ ооо ҚА ік چا بے سم لی‎ a a ye fixa Faery gars р E E " м P e. ? 5 E oe d X طف‎ a مھ‎ a „рана een Pad А анн АГ ee 
EA ARA RA, m Rec € unm ct m = таса Pr " سے سید‎ EE s اہ ہا‎ E А ہے۔‎ = 2 E. = T M P. - Man ТТЕ aaa ren ae > ات‎ ana hah ынна ы А л ТАР” ص‎ 
бий en paca ғ w ep 77 وت ف‎ pied Lo. ope Ы ан = we = H > А >“. x ро а y - Ы wes w ویج خی‎ a an RRA, ee рифа еар , 9-2 
ا‎ доб PA AAA РА iind ай == بس تھے‎ us А PEA А ҮР m 2 . т .. ». r4 4.” E n cR ES ыбы» ө Ат, зы = То СООТ A ГАРЧИ enaa, кое E m". سی‎ th ee ee 
A a RS AO 2 کر‎ А کت‎ уа > РА m В x apos ات‎ = SS ME ہے‎ NL DE A Re ро Ke 
ARAS A UDS A A она da Te Б , aa mo " А ای سض سو ہے‎ кырлы ee re A errata 
dd era нра ан АШ, ATE. " a А A A 23 Pere А d раан یں ا یب کش مس‎ a алақ. emet didit оаа р ПО 
gas Dee бар A r O De қай رتا‎ Ес ee gU eo eee М ғ 4 т А m u ee e ue Shaan расо енде ہی‎ a 
ae eel PP ee о оте ө a > سر پٹ رٹ‎ » A А а А A w % ç E = . AA A A A پچ‎ СО o 
ya bip ae ER Base op a е = one wa سس نر سب = “ کے س‎ P б e a a РА i > = = FR Are Fe; S ES. dle na nn ہ‎ .n one “nam A دوس مج دض‎ Бедеу pd Ere اگ تد ینہ‎ 
رجہ کت دہ‎ insti: à а See: um a2a Ld інгі š = w E > DT . о КАИ M nido. 4040ی رز‎ 
ent is ze puc иза; کے‎ A rJ ا " جو سس‎ E ñ T" = d 4 رت‎ 2 E e а 5 T - А e :یڈ‎ e “ ос usni re ee سس وضع‎ ern AA TPE perl 
en aS sides COSE IE FT < e е и ЕД ata zm a == ent " 5 е дна as а یں‎ 5 5 "е P р u^. ы ЖҮЛ عو‎ a aa. patria ہا چم‎ MR, Lr prem 
a pesi аон george Ai жә са part EA Dig E * р" ~ ER м A "m. ë becas nr ود بی ہے سس دم‎ dit یں لے ےہ‎ Алардан re = 
Ped need uman s " е» ہے یں موم و‎ u 2 А - پوس‎ .. . DRY ے ہب‎ ara. a 2 ошл a a 
یں مشاہ‎ aui der ОНИ Се AE =. > Ee SM A rer ren deerit Sha ree S D Ou Ur QE RR ER 
p р же" aires AA A cd de nd ia үз, ANS -— 5 p 5 ۹ e Й Ld " .. p " s4 &s ^e e k: 7 4. 5 са E m... де Paq ہے‎ ^ ^ e". tnde сабаш ھا ی ت‎ 
A E s... امت‎ 5. aaa, E > ۵ Е "m а `~ һе e a n E "е Ы Ач e „үн eu TOES SÉ шм мінбе 
SS aE PT td اکر‎ xi as ы a. B b^ mp ИГИТ = і m а swana un A 5 » = 2. Ps فا کی پت‎ “+ = - » Em - .. 4^9... >. umm. » Pri id di ela ula eta Баг 
M^ ЖЕЕ, аа ad سےا سپ‎ А - A АА T K d а e sob... -- = Р mr a ند‎ Р. z „> = OR T a اس‎ а. яе. зь a L L LL n Ga hr cca Азы — ہت‎ III LIII “on 
pedal n el iei al m REF | 5 ao. e e. سب کوھےم‎ Ran je ель LI Li А a = E ho ا‎ sz. مہ ٭ ا‎ “ а аз.» L m, prediis [igi р реза айн а аена арому Dore 
eo mo % rean корг e б> A bi ey — a E 1 ұй rd 2 Mi ре Pur 2 = е. eN - rs өз,» 4 LI سم دہ‎ O a. Fe ee L. L ہے‎ 
O i — Pas کے‎ ———— ГА”, جم نے ہر ہے سر‎ А ne ر موده‎ m جھ‎ | - 2 Ld - - P 2 AA e Aa ارہد ہے‎ ene LLL L کٹ رج‎ а ‪۰ ti = ےی یں مب داد‎ D E 
ا‎ a d E iil ¡sde Ч Gss e e ó p FR " " КЕ Рр: P А Р А - hé ے‎ vate E e p [Or ertet: papiro dead rn ھک‎ Ee me ee rhe Se’ 
de eee бай to я aka sg. ® naman 7e ғ candi Дд Pu m е е e PR RIDE ; ` 2 ЖА - mee see mee sate © ~ Peer oan A rer ии pis ot id д 
T رہ‎ O و‎ Lexi donee soap офа tan a u pe ps РА 5 Š S 3 = w. y eta. o hah akin ee جک کے کو‎ d بی‎ anii лл ہیں وہ سے‎ 
سے سی ےی ھی ی‎ іл тайт сар дырын 3 مغ اس‎ o Ar A | = ure” ө ыз Se > пу a a - = E еті ші фе” м Es ٠“ سە‎ 2 L کچ‎ 0 os лы pal ee IDA MAI و‎ F TP 
ee nn UT А Фе AAA Te یو‎ Pen A " . Cc A А PS °. EA PES > - %. = стер Ф br کے‎ ra A A aw LII LT 
— اس‎ АИ Eua Fia 6 PL = £t . a un А 5 S a P " = PES CEA ےم اس‎ he ... munter un nn E ہے ہے یدام جات‎ ene س س س‎ E, o, 
- ی‎ a hte سو‎ A УШ СЫ САН РД ; ры 2 en = . . - + te سے‎ mw E Ar A ee E wakha L IL a و دی لد‎ MO A o all 
pot A ЕНЕ ЕСЕ Н SER: or е жігі = ھ‎ e E E ы ы > 5 ы = > Ы سو‎ ER) -. E УЖЕ уры = нњ ee و ےجا‎ ee Өн анада 
سس ۔۔‎ 5 «ЕҢ . - u won 
LP en ЕР u A Ay as S - lef 7 А А . А +» А welt نت‎ А А د ھکد‎ А Сеере а ия усет T 
= ee م ےہ‎ e - ٠ 7 - afer = . A . 2 e am Xe LP Le 23 E ^ Ы aw. 
ا‎ ER a лир مھ‎ E E Б - ... گے‎ ээк Es " - m š P | E a m سد پر ات‎ Eos ES іе EL ME LY en o ee ыен 
PP P بس‎ “. д š уде a... ato б ۰ з ы > > LI DC ید‎ a ERA = ee) — 0 00 
eR E E a E TT Я A u ТС A A —— r EEE 
æa w =o = a. 26 "mI LI me ы A er 1 x О ass woe ` `. er E Б = D 
u a e) دم‎ E is شش‎ syr, 5 E n E 3 = = = ы x A А 2 pS е 5 Н ЕТЕ > 8 быз T s LT = aan = eeo ara -a a Rennes ale елы L ee 
Z ee ad rn «ite orm Saf Pao - “... И .. = а ян ТР 7 A " А > 5 А s sa Ld .. P 20 10-14 69 A a یچ ٹکٹ‎ RA, عم .اہ‎ m e aa a ae 
TET PL A Та қ PP ae oe a وس‎ A 7 e s b 2 e е ea wet کد‎ 799000 N ہے ےو‎ ih һанай» q ma inn a p کی‎ 
Pe - -- = - و‎ оло ча ee оо ` 2 i A = Fer " EE a ` ñ E М کٹ‎ on پک‎ б; 0 а a te ы: coe ne чазык Аный у, Seesen nn pe 
m LP d EnaA A p? p о eme-a # a a ES 5 ^ P жұм > A ara v را کہ‎ LAE А — رہ‎ a aa a N Li ан ч 
ы -— پیٹ‎ po TTT = e... 2 ٠ تج‎ = е > - Ы ES ©. PR 25 e a = . а. a. . or a <. — ——- m o ng “е Бае quel iia адаа зам 
w we جم سے جم‎ ea ie مد سے‎ e P . А „а ЕЕ = we Ld - ` ке 5 ہنی یہت‎ ~ eo Dm یہ‎ A a o O и om 
E - еге ا ا یں‎ > e جو وی ہے‎ ae Р . zm سو‎ E P є ۰ М - - v es A SG v Жылы "aa ^ e" eon usa АНД Хадра - наа سی‎ 
— سم م‎ Фат el e E LINE, 2 . ” h = =° ЕУ" = E رہ تد مہ‎ 
es - КЕТ кё pt = ES Pura з а - m = сыл dd Е -e А ñ Е s 7 " 9 . p А 2 . a 5 a pu = PRA a ee Б ET کہ‎ w. a 
سے سے دا جو سے‎ 22 E as. = sem ats 3 2 5 . г - Li . ы “ ” ... . . Ба ee » e edu. iod i cd * —- "Ww QA —bpventebep donde „wa. 
ғы» өл Әр qud cbe pe РЕ . e ود جہ‎ ud o aus سے‎ e a š ы LL É d ы E - a P ES y EAE i یم ہے‎ bs ж Mes Lo rr. pede en Es жү سے پان‎ 
ua LU e. - м - - . - - - 5 ٦ om 3 Eis c] Ly PII 
л улл i wey EN a TES: = ٠ Е š A CS -. ох ہی‎ piq Бс 
Te Ta ne P PE z a Е Е г Ы Ы . B ee ne о ود‎ Se асар r E... 
re e rusa Tu ui d A А . о E A PD E .. * u M d š e рх A x ыза ҮРЕ Dr ыы ЕЕ „nn ES s A Ария 
E = n ہج‎ < - 
s ef 2 pamm "M m pr LI k O ыл Ы е i E А ы ix е 2 = hd TE * ^e - P TI Y تب سی‎ Demo а. AS я Feen Ge epee еы ерісі: 
1 77 ^ . - =~ tA meee ` ٠... , i 
mM en سہد‎ = as Td pats: - Т ‚ә - Ld e 4 ” 5 А p v M e . ا‎ e ۰ M ы ہہ ہج درد ےھ ہت‎ С ا و‎ E e Fe Ders Бы 
- > et اسرب‎ Ж P" а РГУ " А, 2 a s Pr e Е Е 5 `~ ۰ SES ЕСУ N а ا‎ ee yg 
- ہے‎ m ы . LS u - 2 - rn Г 
ITE LK E Eod a Ae enr x - o O pH - s А ` эы 8 ES o e e. tu Pe P tine pax cue rw 
um یب کوتے‎ ne men See АЩ 2 PIE a coa NE 7 ' А 2 T 4 ... 5 2 М А К FE ES 5 phia ed A > ہے‎ "n 
A ee Me bs ۶ m P ? P E 52 e - Pur RN nn CA олы PS 21 hd I ہے‎ wila "a 
е ےر‎ ../ - a . ۰ = [n Ne е P pas was DD а. 
= LP ХЫ " ٠ . 7 = Бу ۹ os 
slide یی‎ pert 2 . = ac LÀ А L. وف‎ M Қа E = E 7 ғ” - r = = a: Eu u Ы a e Es и. 0 eo a "eu ^um. zer Й ье 
a. - е ГА a .. > а “. . ۰ 5 . 
ml jeg m “° سا‎ id ps EOM et " =; 7 mn. a » Ze » 5 " = ` ` . е к = АТТ, Se EIERN mn ag we owwe .. 
— = P . x . М - pj ws os Ы .. bes igi ie ہے پاب‎ xe 
P ہے‎ А en سے‎ . es Жы "mE ac ЕЕС AS A . بت‎ ж x ` тә ек `. ^ ** ^ »** € «-—w. $4 . oA we Къо р 10 LEN, ря > 
7 اچچ نے‎ = ü m С > ° m = = . - a = = нынан MEME EN 
سر ہہ رو ہا‎ pena کو سی‎ z: وا‎ EO a m > А + = = . N Ln ane vo i LIN д Г = М . جح‎ T eun pier An Е емсе = I I سے وو ہج‎ 
- ~ m. m = 3 E . “ & ae . Й 7 9 P А е p P" ^ Реа ےا سے ےڈ‎ ez ` a4 e [E P . Rh... ef BE me MU" PE 
LLL died Mm E o Me ao ND P А " " S А ыз 2 = « Y К РР ¿unam ہے‎ OS ne un < " 
. ہے لا سےا سے ہپ‎ -- - " . at بی‎ y A 7 .- A 7 a РР A = n Pr چے صن‎ °з а E dh diii LT on UM Н ылы LAA می نے ے ہ ےہ‎ 
سس کک نے ہر ہن رت رم‎ . P as . е о e» Ы . . - 2 еа а “nea OM a 1! 9 55. 9 nennen ea ° kaa k. ESL LL a T 
- ^ s Ы o cia = .. Ld > е "II , ES 7 ` - в э = ` - ma Li “ m... E To eo. - - LI a нна d c 
о <“ а Be р x 5 E х аз е е ۳ . A . ~ ЕСА AME © ть см "- ^A 9 ھ یو‎ 
ید‎ aa P Ld = oe = М “> а. = S 2 Er ы ЫД . cnp oa AS E AAA — m... 
IE P mi ou А, - " . ы = ےم‎ "T - 0 - و‎ м әй i. = = > dens Mihi E PER کے سک ہے ہے‎ с: 
> a a " . - . ~ [ALL S E a ` > ` =. 
E = کت‎ - SS کے‎ oe 5 ы ы 5 E FOR ` ü 3 š . : `` ire. re а یک‎ [e бууй a Price pits ابا اف ھا دوجوم‎ 
ے ہہ‎ eno "a A = گی ات‎ ePi ase EJ А ا‎ 2 A « . е ео а з “га Е = * Ы ча. = АИА ... ч Ex oo 4M O m, us cte uh 
جراج ہے کا‎ a е 5 ы = А ы a ы я ч“ > e ` ә =... ча وو رر رب‎ un N EN بے‎ 
ы 3 = - m a , P = ` < . + aoe » 5 « . А ..:. -..  ө. v ES Sua سان‎ LRL D 
P. - " CNN. P 3 Ly . ^ Кыш eee کے‎ Aaa تہ‎ mean سح‎ e eu cante 2. 2... a 
LX Lo M d رو‎ Da ۴ 4 5 Р ° 2 2 = я " : Ё Ы "аа LU oo . e * a fe к re 
ы е z .- = A A = P 5 „a Б - = uta ы . 1... . бо e » omen Pl ms еды лы Сы 
PR Чч» ایس‎ ee ж PAY VEA ۰ ہے‎ : М 2 A А в > Ж b mot... IA ٰھ ھہ‎ in - - “ ua, k nto УТЧ 
а ғ z Е 7s e oo ہے‎ = "m E P a . ы , . n “ p wy ddr a М k. ы» 2= + Sta eT ha ee aa о оди 7 
ا‎ -- е Е 2 ы а Ж kasa т > s мамы жаса ET wth wee 5 тае rye ие اسم‎ Per 
^o » > e ж Еа = - 4v wn 
pw А > К ? 0 ےہ بی ے‎ “w. m ы ы ° zd Я E " Ў А » v E =e "о .. P ELITS RER er E ۳ E eb کس‎ edo 
rr ee е F А . 2 - ^ E ^ x s ° . . “ & 1 0a «өзе ۰ . e. vos mue rer caren apti ہے‎ a А 
e... = سے‎ E > M © " $ T 5 ^ - os es & & 9» & 3 96 LI PPP. a s zi ее " وس یٹ رر س بک‎ 
- М Ы _ - nn " 
1 سک‎ = - < Ye 7 7 >> и т "iw > "m А 7 А = A = Ф аз کے‎ н um ا‎ e اپ‎ ^e Е В = ше ^^ anen 
Е те а Ы qe w . Ld 
UI PI P qr 24 ы Ы 
d „ 


٠ 


- .. s ~ .... 
iw u ad e .. М КЕПТІ кы PESA ИШЕТҮ T un 96 A 
` E ws 4 bs = ч TUS қ , i A O تب یں اہ یں یر یں ہہ مد‎ OP رر‎ See ta SL cR Y h ee > یا ال اود‎ 
w қ w i $ ° ө% a 3 um — پر ہس‎ к h > Zu iila P 22: = = Г! 4 3 a - ^] а = 
ыле л Тас УРЫ ЛАУ AN ж ME 7 7 а pus 




















2 ۸ Г 
UM SA en i j 
` ` 
TE, N 
= iv 
b 
na , ф 
Жж L| 
I | 
( | 
Г 3 f 
Ф 
"t 
| 
А n 
1 
8 
- E gh 
|! 
3 = 
29, 4 
DA 
р ¢ 
we 
iw P 
MET y 
1 N. TY 38 
ы” L. 
MN. 
АЛЫ” Жұ 
٦ 4 y ^ 
"E NY a 2 f 
d y 
4 fi n 
f! d E 
- M d 
5 2. 9 ¥ ç “kay. № 2 ls ' 
CM 5% d му 7% 3 
NW vd PEEL ү! 
Жы 8 КЛ, 4124 ў 
У 3 (2% RE f 
IC وروی‎ 7 ete 1 ` 
% . ہو‎ 
ید ےہ‎ | REE * à 
к, У; 5 A ` ы 
Ж. ۲ y !, 955 О 
555 t Ұз فو‎ 0 ж. 
> 72 я ААД? 
E А LUE i 
PEUT ы 
" 4 М 
KE LER یم‎ ot 
eR S RUN 
4, ж n 
ers. Ee a А 
а | MY T 
+3 E x. T k. 
V ott n" tc 
DA М 41. $ 1 F 
x 26 ac! k K. 
EXÛ A, M 2 4 
red] y t 5 
a 1 4 4 
YA اق‎ rn “<, Ч 
x si | x 
bic. c а) d 
үзе ۱ M: Te RT 
یں‎ e 
29 Ех E Y Ұз! 
ВЕЛ 
- е 4 y , ај 
1 7 { ж қ 
y " 
F К, 
ON Sn 1 
Far > 
{а ی ا‎ r$. k 
۲ 
Па | 
" 1 
+ М 
11 
№ 
% 
ж”? р 
poem Ч 
y 
x 
p^ w 
^ iP 
Y 
М 
ú 
À ) 
Г 
1 
4 RE LON 
7 TN It 
" 4 4 эй ү? Ub ) % 
n CE ew. 1 i 
i ; 
б 7 9.) sä " \ 
f ye A " 
جم‎ y j | 
ч 
20 үг 
4 $ 1 » 
М T Hr Г 
k 74 Қ 
7 1 de A! 
А! Т a 7. Š a4 
۹ " 
i y D "p 
x | 
ha $ 
^ 


C 
< 
C= 
l 
x 
< 
C 
< 
ra 
< 
<C 
اف‎ 
O 
© 
— 
© 
= 
< 
— 
= 
— 
O 
< 
a. 
rot 
СА 


> 
(D 
O 
لے‎ 
O 
Z 
8 
O 
ім 
= 
LL 
O 
ш 
-- 
= 
p 
— 
N 
< 
vn 
Ee 
uL 
WY 
E) 
zd 
O 
< 
v» 
v» 
< 
2 


o~ 
en 
сч 
о 
Un 
= 
> 
Lu 
ہ‎ 
22) 
I 
O 
« 
U) 
с? 
ч 
2 
ш 
(D 
A 
a 
cà 
2 
< 
O 


OF FREEDOM 


NON-LINEAR MATERIAL THREE DEGREE 


ANALYSIS OF 
SUBMARINE DRYDOCK BLOCKING 


SYSTEMS 


USN 


HEPBURN, 


LIEUTENANT COMMANDER RICHARD DANIEL 


MAY 1988 


COURSE XIII-A 








NON-LINEAR MATERIAL THREE DEGREE OF FREEDOM ANALYSIS OF 
SUBMARINE DRYDOCK BLOCKING SYSTEMS 


by 
LIEUTENANT COMMANDER RICHARD DANIEL HEPBURN, U.S. NAVY 


B.S. Ocean Engineering 
U.S. Naval Academy (1976) 


SUBMITTED TO THE DEPARTMENT OF OCEAN ENGINEERING 
ШОБАКПТАГ ЕПГЕТІІЕМЕМТ ОЕ ТНЕ КЕОШТІКЕМЕМТ5 
FOR THE DEGREES OF 


NAVAL ENGINEER 
and 
MASTER OF SCIENCE IN NAVAL ARCHITECTURE AND MARINE ENGINEERING 
Ee 
HOSSACHUSETTSSENSTITUTE OE TECHNOLOGY 


May 19868 
e Richard Daniel Hepburn, 1988 
lucuthorenereby grants to M.I.T. and the United States 


Government and its agencies permission to reproduce and to 
@istribute Copies of this thesis document in whole or in part. 





NON-LINEAR MATERIAL THREE DEGREE OF FREEDOM ANALYSIS OF 


SUBMARINE DRYDOCK BLOCKING SYSTEMS 


by 
LIEUTENANT COMMANDER RICHARD DANIEL HEPBURN, U.S. NAVY 
Submitted to the Department of Ocean Engineering in partial 
fulfiliment of the requirements for the degrees of Naval 


EncnsercandsMaster of Science in Naval Architecture and 
Marine Engineering. 


ABSTRACT 


U.S. Naval shipyards where submarines are drydocked are 
О О етп regions of the United States where significant 


sw dHakes are known to occur. nne grooving агу docks at 
nuccecsbpipyards are currently designed to withstand eartnquaxe 
сае Cr UOS úp то 0.26 qd's. = Фа пп 


linear material model for wood агуаоск block caps which more 
ШЕНЕУ represents its actual behavior than linear elastic 
Шс а models used previously. Using this non-linear model, 
БІ cresmimed-that Submarine drydock blocking systems would 
fall at even lower earthquake accelerations than that 
РЕЛЕ беваи Dy linear material models. LOTS confirma that 
submarine  drydock blocking systems would fail at accelerations 
Care significantly lower than the Navy's O.2 g survival 
mcusrement. 


в at er lalsS are thên analyzed using non-linear 
ی۲306 سح 6تت‎ ipp this thesis in order to determine their 
perential uwEnchnedgsincssvstemesurvivabllytyv. The materials 
analyzed аге natural rubber and dynamic isolators. 7+ 6 
есш еа ss that when these materials are incorporated in the 
۴٢۰٠٠٠۰ ٠۰.ص‎ E ۲٥6 ٥ہ5۶‎ , ۶9101 ۶16531٢٣ increases in survivability occur; 
however., all the systems still fail well below the required 
Cia level. и пее пеокесеетгестеар that the current 
submarine drydock 7ھ‎ ۵۶ systems provide inadequate 
Рено the submarines from accelerations caused by 
highly probable earthquakes, but the use of new blocking 
materials can reduce the risk of blocking failure. 
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Chapter ] 


INTRODUCTION AND DESCRIPTION OF THE EARTHQUAKE THREAT TO 
SUBMARINE DRY DOCK LOCATIONS 


wO Introauction 


Currently submarines are routinely drydocked in graving 
docks at three locations on the west coast and five locations 
On the east coast of the United States. In addition they are 
drydocked in graving docks in Pearl Harbor, Hawaii. They also 
can be docked in graving docks and shiplift systems at many 
СОЛО Опа locations on both coasts if required. Graving 
Becks are docks which have been dug out of the ground. 
Shiplift systems lift ships out of the water where they are 
NH LTansported on a carriage assembly to a land based 
position. When a submarine is іп one of these docks it is 
susceptible to any ground motion that may occur. Figure (1.1) 
C1) illustrates the locations where submarines сап be placed 
in graving docks. This figure” also indicates where 


earthquakes have historically occurred. 


Shipyards, by their nature, need to be located along the 
coast. Unfortunately the locations of the west coast 
shipyards coincides with the areas of highest earthquake risk. 
Even on the east coast, earthquakes of significant magnitude 


have been known to occur where submarines now are drydocked. 
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Figure (1.2) C1) indicates the areas in the United States 
most susceptible to earthquakes. On the east coast, 
Portsmouth Naval Shipyard and Charleston Naval Shipyard are 


located in the highest risk zones. 


NT Dry Dock Seismic Vulnerability 


:س етан‏ ی و ی ی ونت аеннан а‏ 
— 


Mare Island Naval Shipyard is a submarine repair shipyard 
ШӘсегей оп the northern tip of San Francisco Bay. The Bay 
itself was created by the motion of the San Andreas fault. 
San Francisco was built on this fault. The city experienced a 
devastating earthquake on April 18th 1906. 700 people died in 
this earthquake. Just south of San Francisco, the fault 
shifted 16 feet іп опе minute (21. This magnitude 8.3 
earthquake was one of greatest known shocks in California гі). 
It was associated with the largest known length of slip (21 
feet) along a fault plane in the contiguous United States. 
The damage was unevenly distributed due to subsurface 
conditions S61]. Chimneys remained standing which were mounted 
On rock., ۶2۰۰۰۱٢٠٢٠٢ further away from the epicenter collapsed 
because they were constructed on land fill. Mare Island Naval 


Shipyard is also built on land fill. 
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On April 24th 1984 a 6.2 magnitude earthquake occurred at 
Morgan Hill, California which is about 45 miles south of Mare 
Island Naval Shipyard. It was the consequence of a sudden 
rupture along a 30 km segment of the historically active 
Calaveras fault. This was the third damaging earthquake to 
Strike the San Francisco Bay region since 1979, and the 
largest event in the region since 1911. It produced many 
significant records of ground and structural shaking including 
the largest horizontal ground acceleration (1.29 4) ever 


recorded (3). 


Six potential nuclear power plant locations were 
abandoned along the California coast due to their proximity to 
fault locations and vulnerability to earthquake motions [212. 
However, nuclear powered ships are still drydocked in areas 
susceptible to earthquakes. Hunters Point in San Francisco is 
still used to  drydock nuclear powered surface ships. It is 


located within 12 miles of the San Andreas fault. 


Mana) Beach Naval Shipyard is also located in an extremely 
vulnerable area. Long Beach, California experienced a major 
earthquake on March 107527933 seven years before пе 
construction of the shipyard at Terminal Island. This 


earthquake measured 6.3 on the Richter Scale and caused 
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considerable damage and loss of life. The major destruction 
was in the thickly settled district from Long Beach to the 
industrial section south of Los Angeles where water-soaked 
alluvium and other unfavorable geological conditions combined 
ии pe presence of much poor structural work to increase the 


damage [1]. 


Since Long Beach Naval Shipyard was built, the ground in 
the shipyard has subsided over 20 feet due to oil being pumped 
out from the ground beneath the shipyard. The shipyard is 
located primarily on land fill which is known to be 
tremendously susceptible to earthquake damage. On October lst 
1987 an earthquake nit Whittier, California which is 
approximately 20 miles northeast of Long Beach. Initial 
reports ¡indicated that this earthquake had a magnitude of 6.1 
on the Richter Scale (4],CSJ. but was later downgraded to 5.9 
[OS Six people were killed and over 100 injuries were 
LC . Eight to ten buildings collapsed, hundreds of homes 
were damaged, and many buildings were declared unsafe. Local 
Officials stated that most of the buildings that experienced 
damage were 30 to 40 years old and did not meet modern 
earthquake resistant structural requirements. Eyewitnesses 
indicated that the ground appeared to move back and forth up 


to two feet PH 
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Long Beach Naval Shipyard had accelerographs located in 
graving dry docks 1 апа 2. iusso devices all produced 
acceleration time histories for this earthquake. Significant 
motion was felt in the shipyard. The cruiser USS Leahy, which 
was in dry dock # 3, experienced side block shifting during 


the earthquake. 


At least sixteen aftershocks occurred measuring greater 
than 3.0 near the epicenter within three hours. Manor 
sections ОР freeway Were closed due to structural cracks. 
250,000 businesses and homes were without power after the 
earthquake. Мер lOO Strong motion records were made of the] 
een ober 1987 Whittier earthquake (73. The largest ground 
acceleration measured was .45 а horizontal at 10 km from 
Erieenter. The area south of the quake had relatively low 
shaking 0.279) though only 10 km from the epicenter. Many 


more distant stations had greater amplitudes. 
Other areas in the United States which have graving docks 


and shiplift systems are vulnerable to earthquakes as 15 


discussed in section 1.3. 


7 





1.2 California's Earthquake Potential 

The Whittier earthquake epicenter was not located on the 
San Andreas fault but rather on the smaller Elsenor fault C8]. 
The San Andreas fault, figure (1.3) (91, is 650 miles long and 
20 to 30 miles deep. те PBS series “The Making or a 
Continent" C2J describes the current geological events 
occurring on the west coast of the United States. The cause 
of the earthquakes in that region is due to the location of 
the coastal areas of California over a spreading center. This 
iS cauSing the area to the west of the San Andreas fault to 
gradually Shift northward rela tothe TESÎ OE The 
continent. Earthquakes occur when this movement is resisted 
ena Slippage occurs along the fault. The magnitude TOf The 
earthquakes is proportional to the amount of slippage that 
Occurs along the fault. The more time between fault slippage 
in a particular region the more strain energy is stored and 
the longer the fault slips when the break finally occurs. 
inis geological scale wore TOK Sip phenomena" causes 


devastating earthquakes. 


iemevestean portion of California from San Francisco Bay 
ШӘ (Пе northern tip of the Gulf of California is оп the 
F I LIC Plate. This plate is moving northward at a rate of 
two inches per year relative to the North American plate along 
the San Andreas fault. There are many other faults in 


edition to this major fault in this region. 
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Areas in California which experience continuous small 
earthquakes may be in a safer condition. In the center of the 
San Andreas fault, the plates slip smoothly by each other at 
3.5 cm's annually triggering no major quakes. But north and 
south of this region of "creep" plate edges аге stalled, 
C ed together by friction C10). It ais currently i the 
southern portion of the San Andreas fault that is considered 
the most vulnerable to producing a major quake. Currently in 
an area along the fault near Palmdale, California approximate 
13 feet of movement is stored up. When an earthquake occurs 
in this location and this energy is released, it will be on 
the order of 8.3 on the Richter Sealer This iS the portion of 
the San Andreas fault which scientists have determined has a 
frequency of major earthquake occurrence of every 145 years. 
This earthquake will have the equivalent а release of a 


SO megaton hydrogen bomb (C2). 


The 1940 El Centro earthquake which had а magnitude of 
7.1 On the Richter Scale actually shifted the United States 
border with Mexico 14'10", Parts of the San Andreas fault 
near Palm Springs. California have built up as much as 36 feet 
of stored strain energy. This portion. of the fault has an 


earthquake frequency of one every 500 years [2]. 
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According to a special report by the Emergency Task Force 
of the California Division of Mines and Geology certain areas 
of the Los Angeles basin are more vulnerable than others to 
the effects of a 8.3 magnitude earthquake with an epicenter 
near Palmdale [2]. Specifically, the cities of Santa Ana and 
oS Beach have very high potential for ground failure. The 
Dn сап behave like quicksand causing catastrophic damage 
to buildings even though they are SO miles from the epicenter. 
Scientists believe that an earthquake of this magnitude in the 
EN ngeles area will cause “the greatest disaster іп the 


United States Since the Civil War" [2]. 


A Federal Emergency Management Agency Report scenario 
predicts that 3000 to 14000 people would be killed and 200,000 
people would be left homeless in Such an earthquake. There 
would be locally extensive damage to highways. Bridges and 
power lines would fall. Two of three main water aqueducts 


would be severed for six months C2]. 


The 1 October 1987 Whittier earthquake did nothing to 
relieve the pressure along the San Andreas fault . Dr. Bruce 
Bolt (8J, a seismologist at the University of California at 
Berkeley said that the Whittier earthquake caused no change їп 
the energy "locked in the rocks" of the San Andreas fault. Не 


said "the Big One will come in the next twenty years". 
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PBS in December 1987 broadcast a documentary on the 
potential hazards of the San Andreas Fault. Іп that broadcast 
they mentioned that through carbon dating scientists can 
determine the frequency of past earthquakes. At a point along 
the San Andreas fault in Southern California, the fault was 
excavated and the past fault shifts examined. It was 
determined that the approximate frequency of major earthquakes 
on the southern portion of the this fault was 145 years. Тһе 
I major earthquake to occur in this region was in 1857 (Ft. 
Tejon Earthquake). This earthquake occurred 125 years ago. 
Scientists feel that there is a very a good chance for another 
major earthquake to occur in this area in our lifetime. This 
same program quoted Mr. Alex Cunningham, Director of the 
California Office of Emergency Services, as saying "It is not 
a question of if but when the great earthquake will occur in 
Southern California,” Mr. Cunningham stated that this 
earthquake in the Los Angeles region could occur tomorrow or 


any time in next 30 years. 


The "Big One" is predicted to have a magnitude of about 
8.3 onthe Richter scale. This will be 800 times larger than 
the earthquake experienced in San Fernando in 1971. When the 
last major earthquake hit the Los Angeles area in 1057 پ٣‎ 
SOG people lived there. In 1988, well over 24 million 
people live in the Los Angeles region. The PBS program stated 
that a major earthquake in Los Angeles would be "a natural 


disaster without precedent in American history." 
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During the February 9th 1971 San Fernando, California 
earthquake 65 people died and there was more than $500 million 
in damage in the Los Angeles area. The earthquake registered 
6.4 on the Richter scale. There have been more that 4000 
earthquakes in California since 1900. Eight earthquakes 
greater than 5.0 on the Richter scale have occurred in 
California in 1987 alone. Since the 1971 earthquake, freeway 
OverpasseS have been strengthened, building simulation studies 
conducted, and buildings such as the San Bernardino County 
building constructed on rubber isolators. Richard Eisner of 
the California Department of Emergency Services said it will 
take decades to strengthen the old buildings in the Los 


Angeles area so they can resist earthquake motion. 


According to the U.S. Geological Survey [1], the San 
Fernando earthquake injured over 2000 people. Thousands of 
homes and businesses sustained appreciable damage and hundreds 
of them had to be abandoned. 174 aftershocks of magnitude 3.0 
Or greater were recorded. Two of these shocks were magnitude 
559. The record from the main shock revealed the highest 
acceleration ever measured to date (1.25 g horizontal and .72 


g vertical). 
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1.3 Earthquake history in other areas of the United States 


Other significant earthquakes that have occurred in 
recent history near Navy graving docks and ship lift systems 


are as follows: 


On April 13th 1949 a magnitude 7.0 earthquake occurred in 
Olympia, Washington about 36 miles south of the now Puget 
Sound Naval Shipyard (Bremerton) C1]. On April 29th 1965 a 
magnitude 6.5 earthquake occurred near Seattle, Washington 
about 18 miles from Bremerton. Both caused heavy property 
damage over a wide area of Washington and Oregon. Buildings 
which apparently had been damaged in 1949 incurred additional 


damage in 1965 (1). 


On November 29th 1975 a magnitude 7.2 earthquake occurred 
in Honokaa, Hawaii 184 miles from Pearl Harbor Naval Shipyard. 
This was the largest earthquake in Hawaii since 1868. It was 


felt in Oahu where the shipyard is located. 


Franklin Falls Dam, New Hampshire, 55 miles west of 
Portsmouth Naval Shipyard, experienced a 4.5 magnitude 
earthquake January 19th 1982. The maximum horizontal 


acceleration recorded was .52 g's (111. 
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New England experiences three to five earthquakes every 
year [4J. The last major earthquake occurred on November 18th 
1755 at Cape Ann, Massachusetts which is approximately 40 
miles South of Portsmouth, New Hampshire. It had a magnitude 
of approximately 6.0 on the Richter scale. The shock was felt 
from Chesapeake Bay to Nova Scotia. In Boston, walls and 
chimneys were thrown down. Waves like the swelling of the 
ocean were reported on the surface of the earth. Many people 
on vessels felt shocks like the ships were striking bottom 
в). The amount of earthquakes that New England experiences 
in 150 years California experiences in 1 year. Although east 
coast earthquakes are more infrequent, due to the more 
homogeneous geological conditions, earthquakes are more widely 


felt when one occurs. 


A major earthquake occurred August 31st 1886 fifteen 
miles northeast of Charleston, South Carolina. À series of 
severe shocks left more than 60 dead and many more injured. 
There was serious property damage. Much of Charleston was 
built on land fill which contributed to the damage. Earth 
waves similar to ocean ground swells were seen. They were 
estimated to be two feet high in certain places. There were 
severe flexures of railroad track. The area of severe effect 
was large. Within an area of 100 miles the destruction would 


have been severe but settlements were few and far between 0) 
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Between December 1811 and February 1812, three extremely 
large earthquakes (greater than 8.0 in magnitude) devastated 
New Madrid, Missouri which is 380 miles north of where Ingalls 
Shipbuilding is located today. These earthquakes, the largest 
of which was magnitude 8.6, are among tae greatest earthquakes 
in known history. Topographic changes occurred over an area 
of 30,000 to 50,000 square miles. The total area shaken was 


over 2,000,000 square miles as shown in figure 1.4), 
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Figure 1.4 


The direction of the Mississippi River was changed for a 
period of time due to this earthquake, For several days 
following the final earthquake the earth was in constant 
tremor. After shocks lasted for two years. The shock was 


felt from Canada to New Orleans, Louisiana and as far east as 
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Boston, Massachusetts 1100 miles away. The shock was felt 
ANS tinctly in Washington О.С. апа реор1е чеге Badly 
Frightened. Fissures were created that were up to 500 feet 


long and 20 feet deep. 
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phas been Shown, earthquakes can occur virtually any 
where in the United States where Submarines can be drydocked. 
They can produce tremendous forces and ground displacements 


ШЕП Seriously threaten the safety of drydocked submarines. 


Earthquakes usually occur without any warning. They 
each" maximum strength within seconds. ТО ۰٣۱665 6 1 6 جو‎ 
take precautions such as an emergency undocking. Presently 


Mere iS no reliable means of predicting the occurrence of 
earthquakes. Therefore, if submarines аге to continue to 1S 
Zdgscked in earthquake high risk areas the drydock blocking 
systems must be designed to resist expected earthquake 


ватой [12]. 
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CHAPTER 2 


SUBMARINE DRYDOCK BLOCKING SYSTEM ANALYSIS HISTORY 


2.0 Background 

The major objective in the design of the docking block 
arrangements for Navy ships is to provide blocking ystems 
which are adequate to support the ship's weight and to survive 


earthquake motions up to an intensity which will destroy the 


dock Self. Presently, these design methods involve 
approximating Che seismic response by using a specified 
Borızontal acceleration, the magnitude of пе реак 
ceee eration being 0.2 g. The potential for overturning, 


sliding, or crushing of the blocking system is then assessed 
on an "equivalent static" basis with a horizontal force 


БЕРЕ ас (пе ship's center of gravity. 


A more rigorouS examination of the seismic response of 
submarines was undertaken by B. V. Viscomi (1981) [1313 using a 
dynamic equation of motion. This analysis involved 
determining peak ground accelerations which would cause the 
Submarine to lift off one set of side blocks for a variety of 
blocking arrangements. The submarine was considered to be a 
mean Body ЕА а single (rotational) degree of freedom. The 
docking blocks were thus necessarily assumed to be stable and 


to respond elastically to load. 
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Using the quasi-static method it was found that present 
arydock blocking Systems could survive an earthquake of the 
magnitude of the 1940 El Centro earthquake (0.45 (4 peak 
aeeeleration). However, studies conducted at MIT under the 
direction of Professor Karr analyzing the problem using one 
degree of freedom  (Karr,1985) [14], two degree of freedom 
(Barker,1985) C15). and three degree of freedom (Sigman,1986) 
#76 ) models indicated that failure would SCEUF at 


substantially lower earthquake magnitudes. 


This significant discrepancy warranted further 
examination and verification: Each of the governing 
differential equations of motion used for the one, two, and 
three degree of freedom models were rederived and confirmed 
correct. More precise drydock block stiffnesses were 
calculated using accurate block dimensions and block numbers 
obtained from the submarine docking plans. This block 
information was then input into drydock block stiffness 


calculation spreadsheets (Hepburn & Luchs,1986) (17). 


Prt was verified that the computer code correctly 
calculated the solutions to the equations of motion. 
Specifically, in the three degree of freedom case, the Fourth 
Order Runge-Kutta method used for solving the non-linear, 
coupled, system of second order differential equations was 


Ша то ре correct. All eleven submarine drydock block 
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systems studied. including four submarine classes (SSBN 616, 
SSBN 726, SSN 688, and SSN 637), were then analyzed using the 


updated programs and data files. 


The results from the ‘one, two, and three degree of 
freedom computer runs indicated that the eleven submarine 
systems could withstand approximately 13 to 25 percent of the 
El Centro Earthquake ground motion amplitudes. This range is 
Slightly lower than that determined by Sigman and is a worse 
eendition. The one, two, and three degree of freedom models 
gave very similar results which helped to verify the validity 
Of each method, especially since the one and three degree of 
freedom methods were based on a totally different method of 
solution. However, a two or three of degree of freedom method 
Ше геппігейі to determine the exact blocking system failure 
modes. The four modes of failure of the blocking system 


addressed were: 


(1) Crushing of the keel and bilge blocks. 


moe, Sliding of the block interfaces. 


Geom Overturning of the blocks. 


(4) Lifting off of the ship from port or starboard side 


blocks or keel blocks. 
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For al] the blocking systems, the dynamic analysis 
indicated failure at lower earthquake magnitudes then would be 
indicated by the quasi-static approximations. Detai led 
descriptions of the analysis and findings of one, two, and 
three degree of freedom response of submarines are discussed 
in the "Docking Under Seismic Loads Final Report" (Karr,1987) 


DE ٤ 


Is purpose of this thesis is to investigate the effects 
Of incorporating the non-linear properties of existing and 
potential blocking materials into the three degree of freedom 
model. This study includes the procedures used in determining 
BIISCKINg material stiffness, damping, and frictional 


characteristics. 


Chapter 3 summarizes the results of previous research 
using linear blocking materials. The computer program used in 
CNIS TEesealCh to determine system response is described. 
Chapter 4 investigates existing and potential blocking 
material nonipear characteristics such as stress-strain 
behavior, damping, and anisotropic properties, In addition, 
chapter 4, describes how the stiffnesses were determined for 


multi-layered blocking piers. 
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Chapter S examines the properties of the wood material 
currently being used in Dlocking Systems. Specific 
characteristics of Douglas fir and oak are discussed. Results 
of дгуаоск block compressive tests are used to model wood as a 
bilinear stiffness material. A computer program subroutine is 
developed to include this bilinear characteristic of the wood 


in the main three degree of freedom model. 


Rubber is evaluated in chapter 6 as a potential blocking 
material. Compressive test data is also used to model rubber 
as a different type of bilinear stiffness material. Another 
computer program subroutine is developed to include this 


behavior in the main program. 


Chapter 7 describes the use of dynamic isolators in the 
blocking system. The isolators' horizontal bilinear behavior 
Ee ncr porated into the main three degree of freedom program 
using the same bilinear Subroutine used for wood. The 
isolators' physical characteristics and previous applications 


are Чесст ibed. 
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The original eleven Systems evaluated in previous 
Besearch are reexamined in chapter 8 taking into account the 


non-linear properties of the wood and rubber actually used in 


these systems. Chapter 8 then compares the results of the 
Ben linear material analysis to previous linear material 
models. In chapter = conclusions аге drawn and 


recommendations are made for further study in this area. 


2.2 Description of the Three Degree of Freedom System and 
Equations of Motion 


The three degree of freedom model of the submarine 
drydock blocking system at rest as developed by Sigman (1986) 
NECS shown іп figure (2.1). This is the system used as a 
baseline for this thesis. This figure is a two dimensional 
representation of the submarine and dry dock with the keel and 
Side block piers modeled as horizontal and vertical springs 


and dashpots. 


ШЕ" point ЕСІ. figure (2.1) is the initial location of 
the center of gravity of the submarine. The point K is the 
initial location of the keel of the submarine. The point K', 
mert иге (2.2), is the location of the keel after 
horizontal and vertical translation has occurred, rotation 
occurs about this point. KG is the distance from the keel to 
the center of gravity. The distance br is the transverse 


distance between the center of the caps of the port and 
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Starboard side blocks. Mie Shoei zonvel and= vertical "Spring 


constants are as designated in the figure. 


ss Stem is excited by horizontal and vertical drydock 
accelerations X and Yo respectively, The entire dry dock and 
submarine system moves relative to a fixed reference frame. 
Бес led System is shown in figure (2.2). The system of 
рИнагтопе are expressed in terms of motion of the submarine 
иЕе tO the dry dock. Пот іп the longitudinal. 2 


w ection, iS ignored. 


۳۲۰۰٠٠٠٦٦٦٢٦ ,62ت‎ "۶109076 (2.2), is the location of the 
center of gravity of the submarine relative to the fixed 
Mmemenence frame after horizontal displacement u and vertical 
displacement у. The point СОЗ 18 the location of the 
zupmacrıne’s center of gravity after the additional absolute 
meration theta, ©. The insert at the bottom of figure (2.2) 
is a close up of the keel area of the submarine during this 
motion. The displacements illustrated are described as 


follows: 


Ше гетасгтуе horizontal displacement coordinate x is the 
ШЕрТасетепе Of the submarine keel with respect to the dry 
desk. unexdesracement uis the position or the keel relative 
Xue rixed reference frame. WIirnzsgroungzmetlion.x, the 


following equations hold: 
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x = и = X. 


u-2X * X4 
= у Уу, (21) 
Similarly FOL vertical translation the following 
equatiors hold: 
ee =e 
м. 
V = y + Y. (228 


The coupled non-linear three degree of freedom equations 


ШООГО ОПО the system motion as developed by Sigman are as 


follows: 
Mx + MRGE + C.x « C..Ó + (2khs+khk)x = -MX, (2.3) 
Му + СУ + (2kvs+kvk)y = -MY, (2216 


=== 


1,8 + MKGx - MKGy@ + Cie + Cu.x + C(br#/2)kvs 
-WKG]@ = -MKCK, (2.5) 
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equations 2.3 through 2.5, M is the mass of the 
submarine, Ik is the rotational moment of the submarine about 


the keel, and W is the weight of the submarine. 


In order to solve these “ifferential equations Sigman 
(1986) C16) used the fourth order Runge Kutta method and 
computed the solutions using a Fortran program. The damping 
coefficients were calculated in the program using the modal 
analysis method. The program includes several flags which 
Ent various failures of the submarine drydock blocking 
system and are listed in section 2.0. This computer program 
Пп (ле failure modes is utilized as a baseline program or 
this thesis. The program is modified to include material 


properties. These changes are discussed later. 
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CHAPTER ۹ 


SUMMARY OF PREVIOUS RESEARCH USING LINEAR MATERIALS 
AND SIMPLE GEOMETRY 


3.0 Description of Systems Analyzed 


The eleven typical submarine drydock blocking systems 
used by Sigman (1986) (16) are the baseline systems for this 
thesis. ne submarine drydock blocking parameters 
corresponding to each system and the appropriate Naval Sea 


Systems Command (NAVSEA) docking drawings are shown in Table 


241. 
TABLE ۲ 
SUBMARINE DRYDOCK BLOCKING SYSTEMS 
ST STEM HULL BLOCK LONGITUDINAL NAVSEA 
a een eee ТҮРЕ  5РСІЮСС -DRAWING $ 
1 616 COMPOSITE S SNC 8452006640 
2 616 COMPOSITE IG ET 8452006640 
3 616 TIMBER ӨЖЕТ 8452006640 
4 - TIMBER 15 ET 8452006640 
© 616 TIMBER SIDE 1G ET 8452006640 
COHPOSITE KEEL 
6 726 COMPOS ITTE Ser 8454862749 
7 726 COMPOSITE ГӘЗЕТІ 8454862749 
8 726 COMPOSITE | OS E i 8454862749 
E 688 COMPOSITE SIDE 12 ET 8454403511 
TIMBER KEEL 
10 S317, COMPOSI TE SIDE la ET 84352140554 
TIMBER KEEL 
m 637 COMPOSITE TSIDE Jo ۲۴ 8452140554 


TIMBER KEEL 
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Composite is the term used to describe a "standard" Navy 
drydock blocking pier which consists of concrete blocks and 
wood layers. The concrete block dimensions are usually :42 
inches wide and 48 inches long. Its height can range from 30 
no, OO, inches. A six inch oak cap is attached to the top and 
bottom of this block and is included in its dimensions. Оп 
Ep Of “the concrete block is a layer of oak with a two to four 
ШӘП сар of Douglas fir. The Douglas fir is used to protect 
әне ШЕНІ frem stress concentrations due to slight hull 


discontinuities. 


A timber pier USES Tho Concrete. Oak 1s used from the 
dock floor to the cap. A pier is the block layer arrangement 
ВЕ tor one side block or one keel block. Keel piers are 
normally butted together (cribbed) along the entire length of 
the keel. Longitudinal spacing is the longitudinal distance 


Between the side block caps along the hull. 


3.1 Assumptions Used in Barker's and Sigman's Analyses 


Barker (1985) C15] and Sigman (1986) [16] assumed that 
all of the blocking materials were linear, elastic, and 
isotropic. Because small deformations were expected the side 
۲٦۰ апа Keel block heights were assumed to be the same (60 
inches in all cases); therefore, horizontal and vertical 


blocking stiffnesses were completely uncoupled. The actual 
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height of the side blocks above the keel baseline was also not 


taken into account when calculating Sliding forces; 


The submarine was assumed to be a rigid body. The mass 
of the blocks was neglected. Five percent critical damping 
aS used throughout., The model was assumed to be valid as 
long as the drydock blocks remained rigidly attached to the 
dock floor, the blocks did not slide, and the submarine 
Шешатпеа in contact with all the blocks. Whenever any of 
these conditions broke down the computer program flagged the 


condition as a failure. 


3.2 Results of Sigman's Analysis 


All of Sigman's (16) results were based on an excitation 
Dy the 1940 (0.45 g) El Centro earthquake acceleration time 
History, These accelerations were applied at the base of the 
dry dock, and coupling of the ground and dock floor was 
ignored. The El Centro earthquake records are used throughout 
the civil engineering community as a Standard for structural 
design. Figure (3.1) is a plot of the first twenty seconds of 


the acceleration time history used by Sigman in his analysis. 
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Upon analyzing the submarine drydock blocking systems, 
Sigman found that all eleven systems failed well below the 0.2 
g peak acceleration requirement as set forth in NAVSEA 
Technical Manual 997 (191. All eleven systems failed by side 
mock liftoff. Survival ranged from 0.06 to 0.18 g's, as 
determined by the computer program described section 3.3. The 
graving docks at Long Naval Shipyard and Mare Island Naval 
Shipyard are designed to withstand a peak of acceleration of 
0.26 g's before construction joint failure occurs L[20). 
Sigman's analysis shows ی۴۹‎ ٣ submarine 4۲۲ 
blocking systems will fail well prior to the dry dock itself. 
His analysis also showed that the quasi static method 
currently used by the U.S. Navy for seismic response analysis 
seriously underestimates the forces the systems will 
e perience. This unsatisfactory condition is the motivation 


for the research conducted in this thesis. 


Figure (3.2) illustrates the survival percentage of the 
eleven submarine systems subject to the 1940 El Centro 
Earthquake. Included inthis figure is the line above which 
dry dock failure would occur. This clearly illustrates that 


inadequacy of current blocking system design. 
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emo Description of the Computer Program Used in This Thesis 
The computer program used to analyze the submarine 
drydock blocking systems in this thesis was developed jointy 
with Luchs (21) and is based on the program developed by 
Barker Ге) апа Sigman ۰ The most significant 
modifications with respect to this thesis made to this program 
included the addition of subroutines to incorporate non-linear 
Stiffnesses of blocking materials. Two specific subroutines 
were developed to model the materials. They were the 
"BILINALL" and "RUBBER" Subroutines which are described later. 
The main program and subroutine listings are included in 


Eppendix 1. 


The main program called "3DOFRUB" first reads submarine 
drydock blocking system parameters from a data file. It then 
calculates system's modal masses, stiffnesses, and natural 
frequencies. оаа ч апатуз1)уз iS used to determine damping 
степ‘ = USING the specified percent critical damping. 
The horizontal acceleration time history (and vertical if 
applicable) are input from data files. Variables and flags 


are initialized. 


ОО тап loop of the program then begins. Ihis loop 
impliments the Runge-Kutta equations. The appropriate 
Dun material stiffnesses are recalculated each time step. 


Based on the blocking material input data the appropriate 
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subroöutines are used by the program to calculate their 


stiffnesses. 


Each time step, keel and side block forces are 
calculated. Then the system is tested for failure and the 
appropriate failure modes аге flagged. The program begins by 
using 100 percent of the input acceleration time history. If 
failures occur, it carries out repeated loops through the 
znole history each time decreasing the input acceleration. 
This continues until the system survives a complete loop 
Bir ough the time history. In order to speed up the 
beecesoing, the acceleration time history are limited to 2000 
inputs which. for most records, means twenty seconds of the 
earthquake. For most earthquakes this captures the worst 
portion of the excitation and is considered adequate for 
design purposes. Finally, the program output includes 
qisplacements, failure modes, and times of failures for each 
percent of the earthquake acceleration tried. In addition, 
force and displacement data files are created as chosen by the 
user for use in plotting system response, A sample input data 


file and output file are also included in Appendix 1l. 
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CHAPTER 4 


EXISTING AND POTENTIAL BLOCKING MATERIAL CHARACTERISTICS AND 
PROPERTIES 


AÑO” Existimg Blocking Materials 

Virtually all U.S. Naval shipyards and private yards 
which dock U. S. Navy ships use soft and hard woods as drydock 
blocking materials. Concrete is used in the base of most of 
the blocking piers; however, the wood products comprise the 
upper portion of the blocking system which is in contact with 
the ship. A drawing of a typical Navy composite keel block is 
illustrated in figure (4.1) [22]. The soft wood is used in a 
ШЕСІ сап” (2 to 6 inches) on top of the hardwood to protect 


the hull from stress concentrations. 


Previous analyses assumed that all the blocking materials 
were linear, elastic, and isotropic. While these are 
reasonable assumptions for concrete, that is not the case for 
wood. Typically the soft wood used in drydock blocking 
systems is Douglas fir or woods of Similar properties. The 
hard wood used із usually white oak or similar hard woods. 
The capping and hard wood materials that shipyards receive 


from their suppliers have highly variable properties. 
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4.1 General Wood Properties 


— —-— 


4.1.1 Variation in Wood Types 


When a dr; 1ock blocking system is constructed by a 
shipyard, either new wood just obtained or old wood on hand is 
used. This applies to the soft cap and hard wood portions of 
the system. Sometimes new wood is combined with old wood in 


random ways in the same blocking pier. 


The wood received from suppliers comes from various cuts 
from trees. Sometimes the cuts include the "boxed heart" 
(center pith material) of the wood where properties of the 
wood vary widely. Sometimes the grain of the wood in the 
timber 13 primarily horizontal or vertical depending on the 
catión of the cut. The wood used comes from various parts 
of the country; therefore, the moisture contents and ring 
Sizes and thus strengen: properties of the wood vary 
dramatically. Therefore, blocking piers in use today for 
drydocked submarines contain materials which have uncertain 


enaracteristics. 


Panshin £23] found that for temperate zone woods, the 
portion of the timber formed in the early part of the growing 
season has larger cells and relatively lower density than that 
formed inthe later season. This part is called the early 


wood and the denser and usually darker wood formed in the last 
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part of the growing season is called late wood. The 
transition between the early and late wood may be gradual or 
abrupt giving rise to differentiations between certain hard 


woods and between ring-porous and diffuse-porous hardwoods. 


Panshin also states that wood produced by trees of the 
same species is often mistakenly assumed to be identical in 
all structural апа physical characteristics. In fact, 
different specimens of wood even from the same tree are never 


identical and are similar only within broad limits. 


1.2 Anisotropic Properties of Wood 


A material which has physical properties which depend 
upon direction is said to be anisotropic. The cell wall in 
wood exhibits definite anisotropy because of the structural 
organization of the materials composing it. According to 
Panshin (1980) £23], the nature of the thin walled tubular 
cells in wood and their arrangement with respect to the axis 
in the stem contributes to this nonuniformity. AS a 
consequence, compressive, tensile, and shear strengths vary 
widely between the longitudinal and lateral directions of 


wood. 
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Bach (1968) [24] describes non-linear wood properties as 
follows: 


"The structural anisotropy of wood is a recognized factor 
that determines its elastic stress-strain relations. 
Wood cut from pear (пе bark оғ mature trees nas 
approximately orthotropic symmetry which requires nine 
elastic constants (3 Young s moduli, 3 shear moduli, and 
3 Poisson's ratios) to define its response to generalized 
stress. In turn, the nine elastic constants for a given 
wood specimen are functions of time, moisture content, 
temperature, and Stress history." 


For this thesis wood is assumed to be an orthotropic material 
having different properties in each of three principle 
directions. These three directions are shown in figure (4.2) 


(253 below. R 


Op" 300 psi 





> 


Distortion of a wood block caused by shear stress OR, (бір). 


FIGURE 4.2 


The three principle directions shown in figüre (4.2) are 
tangential, T, longitudinal, L, and radial, R. The modulus of 
elasticity of wood perpendicular (tangential) to the grain is 
designated аз 4. Tne modulus of elasticity in the 


longitudinal direction is £, and the modulus of elasticity in 


= 





۳٠.580161 direction is Zi. Ge iis the modulus of elasticity, 
also called the modulus of rigidity, due to shear, G Le in 


we plane LR as shown in figure (4.2). 


Bodig (1983) (251 states that the zatios of the three 
moduli ОҒ elasticity for wood vary with species, moisture 
content, temperature, rate ОҒ loading, and a number of other 
variables., In spite of the many sources of variation, in 
general the moduli аге approximately related according to 


Bodig by the following ratios: 


зу A : 1 CINI)‏ ےت 


д. : ая 14 : 1 (4.2) 


Handbook's (26) number for A /@r = 13.68. 


A simple relationship for shear strain of wood subject to 


shear stress, QO Le, is described by Bodig as follows: 


Xon = Oe Gur (4.3) 


s... s — aa a ra‏ .— .— ...| س н‏ ہو ما ہے 


Panshin (1980) 123] states that wood is 4 to 12 times 
stronger in compression parallel to the grain than it 15 
perpendicular to the grain. Figure (4.3) £23) is a graphic 


representation of the actual variation for compression 
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strengths аз the angle between grain orientation and direction 
of load application varies (1) from parallel to perpendicular 
to the grain and (2) between the radial and tangential 
mm ections with respect to the growth rings. This figure is 


OT a species of Scotch pine. 


Most wood products literature lists compressive strengths 
end moduli in the parallel direction for major wood species. 
The compressive strength is a measure of the ability оғ а 
piece to withstand loads in compression parallel to the grain 
шр то the point of failure. Because of the submarine drydock 
blocking systems’ geometry. loads vary from perpendicular to 
parallel; therefore, the wood blocking material strengths and 


moduli were varied appropriately using figure (4.3). 


Specific gravity of wood, according to Panshin (231, 
because it is a measure of the relative amount of solid cell 
wall material is the best index for predicting strength 
properties of wood. He also mentions that the specific 
gravity of wood depends upon: (1) the size of tne cells, (2) 
thickness of the cell walls, (3) the interrelationship between 


the number of cells of various kinds in terms of (1) and (2). 


93 

















4.1.4 Non-linear Properties of Wood 


For any given piece of wood subject to stress, the load 
deformation curve reaches a proportional limit, beyond which 
the total deformation is non-recoverable and some permanent 
set is imposed on the specimen. Permanent displacement on a 
EMress/strain curve, an indication that the strain did not 
return to zero when the applied load was removed is called 
"permanent set". The stress/strain relationship is also 
highly dependent on the rate at which the load 13 applied. 
Increasing the rate of load application results in higher 


strength values (25). 


The steepness of the slope of the elastic line 1S 4 
measure of the magnitude of the elastic modulus. In some 
Kinds of wood there is almost no demarcation of the end of the 
Бази с portion of the curve. The proportional limit can 
Scarcely pe defined. The set 1з attributed to plastic 
deformation of the wood. This deformation increases with 
applied load above the proportional limit until the piece 
breaks or fails in some manner. The area under the stress- 
strain curve represents the amount of energy absorbed by the 


wood during its deformation. 
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21.5 Wood Loading Rate Effects 


During an earthquake the blocking material is loaded at a 
rate ranging between 0.5 to 20 cycles per second. Repeated 
removal and the application of load at a frequency that is 
much smaller than the natural frequency of the body is defined 
SS cyvclic loading". According to Bodig (1983) (251 а higher 
rate of loading will produce higher stiffnesses, approaching 
the true time independent value more closely as the rate 


macreases. 


nne Timber Construction Manual (1985) (272 included 
information on wood using tabulated design values for normal 
auration of loading. Normal load duration anticipates fully 
F sing a member to the full design NET the application 
of the full design load for a duration of approximately 10 
years. For other durations of load, either continuously or 
intermittently applied, the appropriate factor determined from 
figure (4.4) [27] should be applied to adjust the tabulated 
design values, This manual states that the duration of load 
modifications are not applicable to the modulus. Bryant 
(1987) ве Confirmed that this strength/loading rate 
relationship applies to timbers in drydock blocking systems. 
Therefore, even though the modulus for Douglas fir remains the 
same during earthquake loading, the load at which this cap 


material reaches its proportional limit is increased. 
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Since earthquake durations are usually less than one 
minute, ereep is not considered a factor during the 
earthquake. Kellogg (1960) (29) found that although it is 
known that repeated loading in tension parallel to the grain 
does in time reduce the ultimate strength of wood, it was 
found that in general 100 cycles of stress of short duration 
are not sufficient to incur any appreciable decrease in 


strength. 


-- —— سم ےہ 
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The large differences in the properties of wood and the 
increase in the loading of blocks due to heavier ships 
prompted the Naval Sea Systems Command to fund a blocking 
material study at the University of Washington (22). Recent 
design changes resulting in heavier ships with smaller bearing 
areas have increased loads on the docking blocks to such an 


n That the possibility of failure has increased. 


Tests were conducted то determine спе сопргеввтуе 
strength properties of Douglas fir and oak timbers and the 
effect of age, size, temperature, and grain orientation on 
these properties. In addition, the timbers were tested in 


multi-layer and species configurations in full-size and scale- 
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model keel blocks under lateral and axial loading, and with 
several combinations of wood and steel interfaces to evaluate 
friction and cribbing properties. The tests were conducted at 
the University of Washington Structural Research Laboratory 


between October 1984 and September 1985, 


4.2.2 Strength Properties of Timbers 


According to this study (222, the individual timber tests 
showed a wide range of strength values  (FSPL's) for both 
Douglas fir and oak. There is also a considerable overlap in 
the distribution of FSPL between the two species. Old timbers 
tended to vary more in strength than new timbers. The study 
also states that blocks built up with timbers that have a wide 
range of strength values are themselves subject to wide 
variations in strength. with stronger blocks carrying a larger 


share of the load than the weaker blocks. 


The range of strength values (FSPL'S) were found to vary 
from 241 to 821 psi for old oak and 279 to 570 psi for Douglas 
ID. This shows that some timbers in service are below the 
desired strength. The modulus of both old and new timbers 
that have been compressed beyond their proportional limits are 
significantly lower than the average moduli of unused new 
timbers. As expected, compressive Strengths varied less 


between piers. than between tests on individual timbers. Тһе 
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values suggest that the typical keel block in service has lost 
Some compressive strength  (FSPL) compared to new timbers and 
that it has lost a substantial portion of its stiffness 
(modulus). Test data results (22) showed that for 39 new 
timber samples of Douglas fir the average FSPL was 367 psi. 
The range was 258 to 533 psi. The standard deviation was 89 
psi. The mean modulus of elasticity for this Douglas fir was 
26810 psi and it varied from 11850 to 38570 psi. The standard 


deviation was 6160 psi. 


The blocking material study found that Douglas fir 
capping material 1s subject to permanent set. During docking 
if the load applied to any individual timber in the block 
en eeds its ESPL, the timber cannot return to its original 
thickness even though it appears to be undamaged. Therefore, 
Ое ас епз in the thickness of ship blocking timber Should be 


carefully examined. 
4.2.3 1ط‎ ۷ 

The compressive stress-strain curve used in this thesis 
for determining the stiffness properties of the Douglas fir 


cap is illustrated in figure (4.5) (221. as based оп 


compressive tests done on layers of old Douglas fir timbers. 


60 





_ e в 2 ж Sin wee — = —.— = a 1 
—— DR — = — on Ee — —À - جب دس‎ T E : ٹیچ یر میڈ‎ LS 


Cue EN ЧГ Inr 4 S 19QUT.L 


AT4 Se[bnoq pro 103 әліп? 19116/66Ә116 


4/44 ۱۹ 

010 600 800 700 900 500 РОО £00 200 100 000 
P ГТКК ЕТ 
su [DT TIT 


154 ТТ! 


00% 
$4 26807 304 22 A a 0% 


۱7۷ھ[ 
1% 005 159 





(-010.) cooWg woJj] e1e0 


= a tame ھر‎ = 


|. —— - —— 


186 “651416 


— e no 


— '— , — y — سے‎ 


61 





This figure snows the very bilinear stress-strain 
Smanacteristic of Douglas fir. The two moduli used for 
Douglas fir were determined from this figure. In this thesis 
oak is assumed to remain linear and the compressive 
perpendicular to the grain modulus for oak (23980 psi) was 
obtained from the blocking material test [22] using three 
layers of old oak timbers . This is considered to be typical 


of oak used in submarine drydock blocking systems. 


a AES esM ت سے مہ و ن نی یی ت م سے ت و موی ت سم موی میا کے‎ — BE 
. 


This study also included an analysis of wood on wood and 
wood on steel frictional coefficients. The values for these 
coefficients in this thesis came from this study. They are as 


КОШ Сыз for dry conditions: 


Oak/Oak Oak/Steel 


0.43 0.53 


The oak on oak was used for block sliding and oak on steel was 
used for ship on block Sliding. Fir on steel values were not 


available in this study. 
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4.2.5 Blocking Study Recommendations: 





The blocking study C22) recommended that since visual 
identification of low strength timbers is difficult at best, a 
non-destructive testing system be developed “OS aid amin 
identifying timber strength properties. The study strongly 
recommended that to increase the uniformity of drydock 
Dlocking materials laminates should be used. For example, if 
laminated oak timbers are judged to be suitable they would 
exhibit a minimum of 1/4 of the strength variation of solid 
timbers. They would not have the inherent defects of large 
sawn timbers such as grain slope, checks, shakes,and boxed 


hearts. 


Since the study found that average strength values of 
Douglas Fir are not significantly less then those of oak, tne 
“se Of Douglas fir as a "soft cap" does not fulfill the 
desired purpose. The present use of Douglas fir as a capping 
material results in a layer that is sometimes stronger and 
stiffer than the underlying oak. Because some blocks have a 
low modulus which allows more compression a Sufficient height 
Of wood is needed within keel blocks to allow a uniform 
distribution of the load and to prevent over compression. 
Another material is recommended which has a higher load 
carrying capacity than Douglas fir, but a lower modulus of 
elasticity. Ideally this material would return to its shape 


after compression and retain its load carrying capacity. 
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owes potential Use of Rubber as Blocking Material 


— 








Rubber has properties which naay make it an ideal material 
for use as a soft cap in a blocking pier. Rubber, commonly 
designated as an elastic material, is so only in the sense 
that it returns to its original shape after deformation. Its 


low modulus indicates ease of deformation under load. 


Marshall 012819 C30) evaluated properties of rubber. 
Soft rubber. Similar to natural rubber. and a hard rubber were 
tested in uniaxial tension and compression. Tests indicated 
п ۰۰٦ط ے66 ط5‎ vere essentially “isotropic im their elastic 
EDharacteristics. There were no visible creep effects. Both 
the soft and hard rubbers exhibited linear elastic responses 
NP strains on the order оғ 6 X. For hard rubber Ғ- 7.2 
N/mm^2 and 6C* 2.44 N/mm^2 (where Z is modulus of elasticity). 


For soft rubber Z-* 2.9 N/mm^2 апа G= 1.01 N/mm*2 (C30). 


Properties of rubber are well known and strains can be 
determined analytically if forces are known. Treloar (1958) 
(31) found that for elastomers such as rubber, theoretically 
predicted and experimentally determined stress-strain behavior 
correlated well unlike wood. An elastomer iS a material which 
at room temperature can be stretched repeatedly to at least 


twice its original length. Immediately upon release of the 
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ЕР Есз, an elastomer will return with force to its original 
length with no permanent set. At small strains, an elastomers 
stress-strain curve is approximately linear. But at larger 


strains an appreciable upward curvature is evident. 


According to Treloar (311, the shear stress versus strain 
curve is approximately linear for rubber in pure shear. The 
ШЕШІНЕ Of rigidity corresponding to the initial portion of 
this curve is 4.0 kg/cm*2 (567 psi). For rubber shear stress 
versus shear strain iS more linear than compressive stress 
versuS compressive strain. Up to very large values of strain, 
shear remains very close to linear. No biaxial stress data 
was available for rubber; therefore, the modulus of rigidity 
and Horizontal Stiffness of rubber was assumed constant 
throughout Шеш thesis: For this reason, the vertical 
stiffness (modulus) due to compression of the rubber was 
considered uncoupled from the horizontal stiffness (modulus of 


BE ۶۵) 


At low temperatures all rubbery polymers exhibit a sharp 
rise in elastic modulus and become rigid. If this material is 
used as a submarine blocking material, in severe cold weather 
the material will become much stiffer and exhibit different 
response to loads. According to (197999 32 J 
coefficients of friction for rubber varied from 0.5 to 0.9. 
This value is significantly higher than that for wood and is 


another positive reason for its use as a blocking material. 
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Blackie (1988) [33] describes a test on natural rubber. 
A load deflection curve was developed for natural rubber from 
compressive tests done on a 2 inch thick by 7 inch wide rubber 
specimen vulcanized to a 3/4 inch steel plate. tine length of 
the piece was 36 inches. From this curve a bilinear stress- 
Strain model of natural rubber was developed. The moduli for 


natural rubber for this thesis were obtained from this curve. 


4.4 Potential Use of Elastomeric Bearings and Damping 


— nD- ae e > a- a m e no ne — —— — —— — — — 


Materials in Drydock Blocking Systems 


4.4.1 General Advantages of Base Isolation of Structures 


+ — - سس س -— —— —— —— س ۔۔ ےت ہے 





Pan (19532) (34) discusses the science behind the use of 
base 159 156٦۲167 systems ror reducing accelerations on 
structures during earthquakes. He states that base isolation 
is an aseismic structural design strategy in which a building 
is uncoupled from the damaging horizontal components of an 
earthquake by a mechanism that attenuates the transmission of 


horizontal acceleration into the structure. 


An extensive series of experiments on this concept have 
been carried out over the last few years using the shaking 
table at the Earthquake Engineering Research Center, 
University of California Berkeley. Pan [34] reports that the 


mesults from these experiments have established Ie 
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effectiveness of this approach to aseismic design and have 
shown that substantial reductions in the accelerations are 
experienced by a building on an isolation system over one on a 
conventional foundation. This advantage is accompanied, 
however, with large relative displacements at the base ievel 
of the superstructure, The typical period of isolated 


structures is around 2 seconds (approximately 0.5 HZ) )۰ 


Kelly (1980) [35] states that a further advantage is that 
any inelastic action will be concentrated in devices such as 
energy absorbing devices that are replaceable. The ultimate 
in isolation, according to Kelly, would be to place the entire 
structure on roller bearings in which case, in principle, no 
horizontal force would be transmitted into the structure. 
However, the fact that the systems have no restoring force in 
the presence of wind load make the roller bearing concept 


impractical. 


Kelly [C3531 further states that no base isolation System 
Сао таге the building from all earthquake frequencies. 
With random input such as earthquake ground motion, there will 
always be some component of the input that will be in 
resonance with the system. The effects of this resonance can 
be avoided by providing a degree of damping in isolation 
system. Rubber bearings provide a certain amount of damping, 
at best equal to approximately 10 * equivalent viscous damping 


ассогаі поа to Kelly. Pan (34) also states damping іп ап 
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isolation System with elastomeric bearings can be as high as 8 


to 10%. However Kelly states that higher damping may be 


necessary to reduce displacements. 


According to Dynamic Isolation Systems Inc., Berkeley, 
California, (D.1.5.) €36), seismically isolated buildings can 
be constructed at costs that compare favorably to the first 
costs of conventional fixed-based structures. Moreover , 
Owners Can reap substantial long term economic benefits in the 
form of reduced life cycle costs. Following an earthquake, 
Ше enhanced protection of building contents inherent in an 
isolated building will result in Suc canc reduced repair 
and replacement costs. The force transmitted to the building 
is reduced by а factor of five to ten. Instead of amplifying 
base accelerations, the building moves ыз fa rigid box with 


uniform motion and little interstory drift. 


Mayes (1984) [37] describes the design of the base 
isolators. The essential feature of base isolation is to 
ensure that the period of the structure is well above that of 
the predominant earthquake input. The úse of 6 966 7 55 
has become more practical with the successful development and 
inclusion of mechanical energy dissipators in the base 
isolators. An energy dissipator has the same function as a 
shock absorber in a car (i.e. its "soaks up" the energy of the 
excitation). These dissipators which are now being 


manufactured and used in the United States were developed by 
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the New Zealand Department of Scientific Industrial Research 
and extensively tested over a twelve year period. When used 
in combination the flexible isolation device an energy 
dissipator can control the .response of the structure by 
limiting the displacements and forces, thereby, significantly 


improving seismic performance. 


Mayes  L37J) also reports that the relative displacements 
are reduced to a practical design level of four to six inches. 
The seismic energy is dissipated in components specifically 
designed for that purpose relieving structural elements from 
energy dissipation roles and thus damage. There are three 
Hasic elements in any practical base isolation system. These 
are: (1) a flexible mounting so that the period Oof vibration 
nate total system is lengthened sufficiently to reduce the 
force response, (2) a damper or energy dissipator so that the 
melative deflections between building and ground can be 
controlled tOo a practical design level, (3) a means of 
providing rigidity under low (service) load levels such аз 


wind and minor earthquakes. 


The most compelling argument, according to Kelly and 
Hodder L38J, for base isolation is the protection afforded 
internal equipment and piping. The response of non-Structural 
components is determined primarily by the response GFT The 
primary structure to earthquake ground motion and not by 


Bond ^ motion itself. While the main structure of a building 
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or power plant can be protected from tne damaging effects of 
an earthquake attack with relative ease, the necessary 
Strengthening of the main structure increases the seismic 


loadS transmitted to non-structural components and equipment. 





Pan (34) states that base isolation has become a 
practical possibility with the recent development of multi- 
Payer elastomeric bearings. Bearings for use in an aseismic 
isolation system are a natural development of bridge bearings 
and of acoustic isolation bearings. According to Pan, 
experience with bridge bearings for many years has 
demonstrated that they are reliable and resistant to 


environmental damage including that from oil and fire. 


Kelly [35] states that the concept of base isolation is a 
natural опе based on accepted physical principles. It has 
not, however, been readily accepted by the structural 
engineering profession because the concept runs counter to 
accepted measures of aseismic design. According to Kelly, tne 
design codes in all countries with seismic regulations require 
that an earthquake attack be absorbed by a structural System 
through inelastic action. Inelastic action inevitably 
involves damage, however, not only to the structural system 


but also to non-structural components and essential equipment., 
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 гглегпоге, design calculations for the dynamic inelastic 
response of the building and of the contents to earthquake 
loading are extremely expensive. The standard approach is to 
design the puilding to survive by increasing structural 


strength and capacity to dissipate energy. 


А form of multilayer elastomeric bearings is presently 
used as fenders on docks and wharves. Recognition of the 
engineering qualities of rubber has led to the use of 
elastomeric bearings in several buildings which have been 
built or are under construction with base isolation systems 


5931. 


Dynamic Isolation Systems Inc. (D.1.S.), a manufacturer 
of dynamic isolators states in their literature (363 that 200 
structures in 25 countries have been seismically isolated. 
Applications include buildings. bridges, and nuclear power 
plants. The eight lane Sierra Point overpass on Highway 101 
near San Francisco Airport was protected in 1985 ру D.l.S. 
lead-rubber bearings to decrease seismic forces transmitted to 
the bridge. This was the first base isolated bridge in the 


United States. 


mnes first new building in the United States to employ 
seismic isolation was the Law and Justice Center in San 
Bernardino, California. This building underwent a 4.9 Richter 


scale magnitude earthquake on October 2nd 1985. The base 


p 





isolation system reduced the 0.04 g peak ground acceleration 
ШЕШІ (0 0.05 g at the roof. | Conventional fixed based 
buildings nearby amplified ground motion to a maximum of 0.15 
а. The data was recorded by the California Strong Motion 
Instrumentation Program (CSMIP). Several mechanical 
dissipation devices have been developed as shown in figure 


me) [371]. 
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4.4.3 Dynamic Isolation System's Isolator 

Descr ,ption of the D.I.S. lead rubber bearing. the 
۲۰۰.٣۹٣٥٣ Used in this thesis, is shown in figure (4.7) £36). 
The isolator is made of alternate layers of rubber and steel 
encased in a vulcanized rubber cover. The lead plug, which 
provides wind restraint and seismic damping, is fitted into 


the center. 


While the introduction of lateral building foundation 
flexibility may be highly desirable additional vertical 
ШЕҮЕХІБІТІСУ is not. vertical rigidity in the D.I.S. isolator 
is maintained by constructing the rubber bearings in layers 
and sandwiching steel shims between each layer. The steel 
shims which are bonded to each layer of rubber constrain 
1 561 deformation of the rubber ünder vertical load 
ВЕТ ПО ал vertical stiffness several hundred times the 


lateral stiffness. 


One of the most effective means of providing a 
substantial level of system damping is through hysteretic 
Energy dissipation. The term hysteretic refers to the 
difference in the loading and unloading curves under cyclic 


loading. 
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Figure (4.8) [371 заа typical idealized force- 
displacement loop for the D.I.S. isolator. The inclosed area 
is a measure of theenergy dissipated during one cycle of 
motion. Lead, which is used as the mechanical damper in the 
D.I.S. isolator, is a crystalline material which changes its 
crystal structure under deformation but also instantly regains 
148 original crystal restructure when the deformation ceases. 
For this reason, lead exhibits excellent hysteretic damping 
properties over many repeated cycles of earthquake motion. 
The lead rubber bearing provides the low 15427 rigidity Бу 
Virtue of the high initial elastic stiffness as illustrated by 


miewinttial elastic curve in figure (4.8) [37]. 


The analysis in this thesis will be limited to the D.I.S. 
isolator as shown in figure (4.7). According to Mayes [ 37) 
this is the most highly developed and practical dissipator to 
Gate. It combines in one physical unit the flexible element 
and the energy dissipator. In this application the lead is 
осе TO deform plastically in shear by the steel shim 
plates. Exeellent- energy dissipation is possible with this 
device. Mayes reports that recent work by Kelly and Buckle at 
the University of California at Berkeley and also by Buckle at 
the University of Auckland in New Zealand has validated the 
performance of this device to the point where it can be used 
in practical applications with the same confidence as with 


Other building materials such as steel or concrete. 
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Design charts [37] have been developed for the D.I.S. 
1Solators, and they can be built in a variety of sizes 
(footprint), rubber thicknesses, and lead plug sizes. The 
total rubber thickness for a given bearing footprint defines 
the degree of isolation provided to the structure. Mayes 
reports that it is most advantageous to use the rubber 
thickness corresponding to the longest effective period, if 
there are no constraints on the height of the bearings ог 
bearing displacement. The thicker the rubber the more 
isolation and more lateral displacement. Orce спее ва 
rubber thickness is decided, the bearing construction (number 
and thicknesses of rubber layers) may be determined. The 
standard construction for a given total rubber thickness 
consists Of 178 inch internal steel shims and 3/4 inch steel 
top and bottom plates. Charts have also been developed (37) 
as ameans of rapidly arriving at a lead plug diameter for a 
given load. Lead plugs may be distributed over the bearings 


such that individual bearings may have differing yield levels. 


Kelly and Hodder (1982) (383 carried out base isolation 
experiments on cylindrical lead filled laminated elastomeric 
bearings. The 1940 El Centro NOOE acceleration time history 
as well as three other earthquakes time histories were used. 
Hysteresis loops for various filled and unfilled bearings were 
measured. A simulated five story building on these bearings 
was excited by a shaker table using the earthquake 


acceleration time histories. 
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Б ҮрІса! hysteresis curve for lead filled bearings 
subject to the EI Centro earthquake is shown in figure (4.9) 
moo). This exhibits the measured bilinear response 
characteristic of these bearings. The гезроізе of the 
structural model on the lead filled bearings is markedly 
different from that on unfilled or elastomer filled bearings. 
The lead appears to act as if it were almost perfectly plastic 
ШЕП a yield shear stress of approximately 1.4 kips/in^2 (9.6 
kN/mm^2). As the lead yields significant energy dissipation 
urs, їп effect the lead acts as a mechanical fuse and ап 


energy dissipator. 


Kelly and Hodder describe the lead/bearing assembly of 
the D.1I.S. isolator as an almost ideal isolation system. 
Their experiments showed that the bearings are capable of 
sustaining arelative lateral displacement of 75 % of their 
diameter without buckling. The reductions in maximum 
accelerations experienced by the supported building compared 
to conventionally designed structures vary with earthquake 
signal, but are not less than a factor of 10 and can be much 


пло бег. 
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4.4.4 Other Current Research 

According to Kelly £353, other mechanisms have been 
tested in combination with elastomeric bearings including а 
mechanical fuse in the form of a notched pin designed to 
fracture at a specified level of shear force which acts asa 
wind restraint. A fail safe skid system has also been tested. 
This system produces a Coulomb frictional damping and in the 
event of earthquake ground motion, acts to prevent structural 


collapse. 
4.4.5 Summary and Recommendations 


Dominic Zegaint, head of the Structural Branch, Navy 
Facilities Engineering Command (NAVFAC), has stated that the 
Navy accepts seismic isolation as one of the techniques 
available to the structural engineer. He declared that NAVFAC 
is giving serious consideration to base isolation and is 
committed to its implementation under appropriate 


circumstances [36), 


٣۲٣۷٠۰٠۰٠٠۰ enda Hodder [38] state that for nuclear plants the 
very low probability seismic events for which the plants must 
be designed could require а much higher design peak 
acceleration than could be accommodated bya simple rubber 
bearing base isolation system. The energy dissipating base 


isolation system in which rubber bearings and lead inserts are 
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integrated then becomes an ideal choice for seismic protection 
Of these plants. No other structural design strategy сап 
simultaneously protect a structure at Such earthquake 
intensities and limit the forces applied to sensitive internal 


equipment. 


The bearings themselves are not expensive items, 
particularly ıf many аге manufactured. The COST Of опе суре 
of lead filled elastomeric bearing is about $2000 each 
according to Kelly (1980) [35]. An elastomeric ао is not 
mace Only means of introducing flexibility. but according to 
Mayes [37] it appears to be the most practical with the widest 


range of applications. 


The use of dynamic isolators in submarine drydock 
 ӨСКІПП Systems has tremendous potential. The footprint or 
these isolators can be made to be the same as existing drydock 
Pecks. ШОС 77599) Г211 determined that base isolators are 
Eus metbod of preventing failure of Submarine drydock blocking 
systems during earthquakes. In this thesis, a method of 
modeling the effects of substituting the oak layer in 
Submarine  drydock blocking systems with ӘРІ. 91 SOlavers=rs 


developed. 
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4.5 Determination of Drydock Blocking Pier Stiffnesses 


With the inclusion of many different types of materials 
in one side block or keel block pier, a method was needed to 
determine the horizontal and vertical pier spring constants. 
In this thesis, the piers are modeled in the horizontal 
direction as cantilever beams and shear elements. In the 
vertical direction they are modeled as axially loaded columns. 
In both directions they are considered to be composite 


erements wıth different properties along the length. 


A LOTUS 1-2-3 spreadsheet was developed to calculate the 
۰۰۰۶۶۱۱0695565 ۰ À sample vertical and horizontal set of 
spreadsheets are included in Appendix 2. These spreadsheets 
apply toa system similar to submarine blocking system number 
two. и Sppeadsheets were designed to be able to calculate 
pier stiffnesses with four block material layers. The example 
spreadsheets stiffness calculations are for a system with 


rubber, Douglas fir, oak, and concrete layers. 
The first spreadsheet in Appendix 2 is the calculation of 
keel vertical stiffness. The procedure used was a standard 


addition of element stiffnesses in series as follows: 


kvk' = 


ss Е ОИЕ СТИКС لے ہبوت ّھے177)+رے‎ (4.4) 
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Where kvk' 1s the stiffness of one keel pier. This 7 0ء‎ 
knowing each layer's dimensions and modulus of elasticity. 
This information was obtained from the appropriate submarine 
docking drawing. The stiffness of an individual layer is 


given by: 


k = EA/L (4.5) 


fers modulus Of elasticity of the layer. 
L is the height of the layer. 
ЖЕЗ the area over which the vertical force is applied. 


For some layers the cross-sections varied over the layer 
Or there were abrupt transitions from one layer to the next. 
In these cases an effective area was used based on the 
standard 1 to 3 load distribution slope employed by the Naval 
sea Systems Command. Figure (4.10) illustrates how this 


effective area is determined. 


This procedure was used to calculate the stiffness of one 
individual keel pier. To determine the stiffness of the 
entire keel system the individual keel pier stiffness was 
multiplied by the number of keel blocks. Side pier vertical 


stiffnesses were determined in a similar manner. 


The second spreadsheet in Appendix 2 is the calculation 
of keel horizontal stiffness for this same four layered 


system. 
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For the computation of horizontal stiffness, two types of 
horizontal déformation must be considered: the horizontal cap 
displacement due to bending and the horizontal cap 
displacement due to shear. The total keel pier stiffness 


ШЕРГГІСТЕП: for one keel pier (khk') is then given by: 
Khk ٥جط‎ /)٥ی+34۴‎ (4.6) 


iere P is the horizontal force applied to surface of the cap. 
As ene displacement of the cap's surface due bending and d. 


is the displacement of the cap's surface due to shear. 


In the case of bending, the block is modeled aS a four 
element cantilever beam. The displacement of the ]بب‎ 20062 
Шел апе to the applied force P is determined by the stiffness 
matrix method. The stiffness matrix equation for the first 


element is as follows: 





Q, EE IL AE A A EA PP GEIL 
NE IA ДЕ SE da = ЕЕ: СВ 
Qe = K ID 9٣-65, 117701۷۰ [2,1,7 یبا‎ =6E,. 11 /L,* 
Me GE I. ZL.” ОЕ ТЕБЕТ ЕЕ 4E ИЕ 


E, is the modulus of elasticity of element number 1. 

I, is the moment of inertial of element 1's cross section. 
Li is the length of element |. 

'S are the nodal forces. 

'S are the nodal moments. 

'S are the nodal displacements. 

'S are the nodal rotations (radians). 


ас ХО 
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The elemental stiffness matrix equations. are determined 
in a similar fashion for elements 2, 3, and 4. They are then 
combined to form a ten by ten stiffness matrix as shown in the 
horizontal stiffness spreadsheet in Appendix (2). The 
combined stiffness matrix equation is then solved to determine 
Be displacement (d.) at the top of the beam due to force P. 
Because Q, and M, are known and qd, = 9, - O, by equilibrium 
Serving the 10 by !0 matrix reduces to solving four two by two 
matrices. This was accomplished in the spreadsheet by using 


Cramer 's rule. 


In shear the block is modeled as a composite element 
subject to shear stress at the top of each layer. For element 


] the following equation holds: 
DIS (РАС (4.8) 


Ж. із Іле shear strain in element 1 

Е 15 (пе horizontal force acting on the surface of element 1. 
G is the modulus of rigidity of element 1. 

Eus the top contact area. 


The following formulas were used used in this thesis to 


determine the moduli of rigidity for the layer materials: 
Element 1 (concrete) C= 0.62 [ 26) (4.9) 


Element 2 & 3 (D.fir апа оак) Gem = (1/14) & C26) (4.10) 


Element 4 (rubber) C= 0.3394 (30) (4.11) 
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phe value of the top contact area, A, was the actual 
dimensions of the top of the layer if there was complete 
contact with the layer above. If the footprint of the upper 


layer was smaller, then the top contact area was assumed to be 


approximately the average of the footprint area and the actual 


NOD area of the layer. 


The shear displacement was determined using the following 


equation: 


DX NU DL ھی‎ Г DA (4.12) 


че ога! horizontal horizontal stiffness for a row of 
blocks 18S the value of khk' times the number of keel blocks. 
Similar spreadsheets were used employing four layers to 


determine the side block pier horizontal stiffnesses. 


88 





CHAPTER S 


WOOD BILINEAR MATERIAL PROPERTY MODEL 
5.0 Determination of Blocking Wood Properties 


AS shown previously, Douglas fir and oak used in U.S. 
Navy drydock blocking systems are non-linear anisotropic 
materials. Their properties are functions of many different 
variables. For this thesis, the Douglas fir caps are modeled 
БЕ bilinear materials. This means that up to the FSPL the 
Douglas fir has an initial constant modulus of elasticity. 
When subject to additional stress, the wood undergoes plastic 
deformation and the modulus of elasticity changes to a lesser 
value. This modulus is in effect until ultimate ES (about 
700 psi) is reached. This model for Douglas fir is based on 
the compressive stress-strain curve illustrated in figure 
(4.5) (221. Тһе two moduli obtained from measuring the slopes 


off this figure are El » 12539 psi and E2 = 3474 psi. 


Test results from the University of Washington study (22) 
gave an average FSPL for Douglas fir timbers of 367 psi. This 
Value was for atest loading which occurred over a period Of 
about five minutes. As shown before, the FSPL of wood varies 
with the duration of loading. Using an average earthquake 
load cycle of one second and applying a correction factor of 
1.23 obtained from figure (4.4) (27), ап earthquake loading 


FSPL of 450 psi is calculated. From these values an idealized 
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stress-strain curve for Douglas fir in the side blocks subject 
to vertical loading 1s constructed. This is illustrated in 


figure (5.1). 


Due to the A e ni ure pt Douglas fir the ESPL and 
modulus of elasticity are dependent on grain orientation 
Merative to the applied force. AS Bodig showed, the ratio 
between modulus parallel to the grain, AZ, and modulus 
Perpendicular tothe grain. &. i8 about 20 : 1. For vertical 
Suing of the Side blocks the force is almost perpendicular 
(пе grain, For system 1 thiS cap angle is 68.4 degrees. 
meme NOrizontal loading this angle is 21.6 degrees. Typically, 


blocking timbers used in shipyards include “circled hearts" 


ШЕП other irregularities, For this reason the orthotropic 
Model needs to be modified somewhat. AS a conservative 
EDroxiImation, a value for 4/7 of 14 is used. mS 


coincides with the ratio of parallel to perpendicular 
compressive strength shown in figure (4.3) (231. This figure 
m used to modify the modulus of elasticity of both Douglas 
Шы апа сак to account for orientation of the grain relative 


۲۰۰٢۶ ٠٣٣٦٦٥٥۹ force, 


Де Пома іп figure (5.1), the values for side block 
modulus for vertical loading is assumed not to be affected by 
the 68.4 degree load angle with the grain. Figure (4,3) is 
Mery flat between бО то 90 degrees, ۴۳٣ئ‎ 6 يك‎ the 


perpendicular values are used. 


90 








- = — کک —— - -— — انی ر — n — pH — — + — yy E‏ — — س ا کے س د ال ee ee‏ ہے — — | 


E U E У Е 
| 


RAIN 
IR 
LL 


Е- 


Е 


VERT 


a Т 
DUUGL 
NBC S 


E 
SI ye 


ہی а MÀ MÀ‏ = > س 


COS 
RE 47 


——-— Y —Fz=sp 


c» > c (5 с» с» em 
ыз = 2 = c > = 


A 


S/T 


қ 
IN-IN 
E- 
س‎ 


‚TRAIN 
=] 


E 

— 

a 

~ 

“- 
= 


=- = an ma e e — so es CE ee — س ست سد‎ 


91 





For horizontal loading, grain orientation has a very 
large effect. In this case, the perpendicular values of El 
and E2 are multiplied by a factor of 7.6 obtained from figure 
(4.3) to obtain the horizontal values El = 95297 psi and E2 = 


26398 psi. 


In the horizontal direction, the strength of the Douglas 
fir caps is limited by their shear strength parallel to the 
grain. From the Wood Handbook (26) a value of 930 psi 15 
obtained for this shear strength. From these values, the 
idealized stress-strain curve for Douglas fir in the side 


blocks Subject to horizontal loading, figure (5.2), is 


obtained, 


In the case of Douglas fir in the es) blocks, the 
horizontal applied force is exactly parallel to the grain, 
therefore, the correction value of 14 is applied. This 
results in values of El = 175549 psi and E2 = 48629 psi. The 
idealized stress-strain curve for Douglas fir in the keel 
blocks subject to horizontal loading is illustrated in figure 


5.3). 


Oak is assumed to stay linear. Oak is generally stiffer 
and the Douglas fir cap areas are smaller and thus Subject to 
higher stresses. However, grain orientation corrections are 


applied to the oak similar to the Douglas fir corrections. 
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The modulus of elasticity value used in all cases for 
ШОО Са! loads on oak is 23980 psi obtained from blocking 
Material test data (221. For horizontal loads the modulus 
lle Ог сак for keel blocks and side blocks is 335720 psi. 
Cap angle is assumed to not effect the oak. The oak layer is 
assumed to be perpendicular to the vertical loads and parallel 


to the horizontal loads. 


5.1 Keel Block System Bilin 


Sigman (C16) assumed in his research that the submarine 
drydock blocking systems failed when the Douglas fir caps were 
Saded Bevonas thelr ESEL. DISS is an unnecessarily 
restrictive assumption that does not allow taking into account 
the hysteretic damping effects produced by wood when it 
plastically deforms. The Douglas fir caps actually remain 
EuGct Up to a stress beyond 700 psi. This is well beyond the 


assumed FSPL of 450 psi. 


If the blocks are assumed to survive past the FSPL, a new 
way of modeling the block stiffness other than linear elastic 
needs to be developed. One way of modeling this behavior IS 
called elasto-plastic. This model is described by Biggs 
(1964) C39] and Paz (1986) (403. This model assumes that 
after the material is loaded past its proportional limit, it 


pecomes purely plastic with stiffness equal to zero. The 
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material unloads with exactly the same slope (stiffness) as it 


is loaded. 


This elasto-plastic model is fairly close to the behavior 
of wood; however, as Seen in figure (5.3) the stiffness of the 
Douglas fir in the keel block System does not go to zero past 
che FSPL. Therefore, the elasto-plastic model must be 
modified to more closely match the behavior of the Douglas 


Ir. 


A curve which matches the behavior of Douglas fir more 
closely is that of the D.I.S. dynamic isolator shown in figure 
(4.8). This behavior is called bilinear. Figure (5.4) 18 ап 
illustration of this model as applied to the horizontal keel 
blocking system. The entire keel blocking System is assumed 
to exhibit bilinear behavior. However, all the materials in 
the keel blocking system are assumed to remain linear-elastic 
except the Douglas fir which changes its modulus of elasticity 
SS IIlUStTrated їп figure (5.3) once its FSPL is exceeded. 
Generally, the Douglus fir caps are Small and Subject to 
higher stresses than the larger oak sections of the pier. By 
inputting these two values for modulus into the horizontal 
stiffness  spreadsheets described earlier (Appendix 2), two 
values for the keel blocking System horizontal stiffness are 


obtained. 
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mese two values are khk = 59223 kips/in and khkp = 38435 
kips/in where khk is the initial elastic stiffness value and 
ИККО IS the Stiffness after the System has been loaded past 
the FSPL. 

in figure (5.4), KU1 is equal to khk and KD1 is equal to 
khkp. ٣۰۰۰٣٦٦۹5۶10900۲ 6 апа throughout this thesis. the 
terminology used in figure (4.8) and by Buckle (1987) [411 is 
followed. The following equations describe the various 


Features of the bilinear loop in figure (5.4): 


XEL] = P/khk = (f.A./khk Bo 

QD1 = XEL1(KU1-KD1) (520 
ecl. К = KU1*x (сз) 
Line 2: R - KD1*x + QD] (5.4) 
Line 3: R = KU1xx + (KD1-KU1)*XMAX + QD1 (5 Ж 
Eine 4: В = KD1*x - QDI (5.6) 
Line 5: R = KU1*x + (KD1-KU1)*XMIN - QD1 (5.7) 


Where: 

Mand is the elastic limit for the blocking system in inches. 

О з is the maximum shear stress parallel to the graín for 
Douglas fir. 

AS is the keel blocking system cap area. 

R is the restoring force of the keel blocking system due to 
horizontal deformation. 

X is the horizontal displacement of the cap surface of the 


keel blocking system. 
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XMAX is the horizontal displacement of the cap surface at the 
point when where the bilinear loop shifts from line 2 to 
line 3. Thís is the point when the velocity of the keel 
blocking system cap changes from positive to negative 
during earthquake excitation. The blocking system then 
unloads elastically down line 3 with slope KUl. 

XMIN is the horizontal displacement of the cap surface at the 
point nen the loop shifts from line 4 to line 5. This 
is the point when the velocity of the keel blocking 
System cap changes from negative back to positive during 
earthquake excitation. The blocking system then unloads 


elastically up line 5 with slope KUl. 


A similar procedure 13 developed to calculate horizontal 
side block system stiffnesses and vertical side block system 
stiffnesses. In the vertical case there are some differences. 
First, the submarine weight causes an initial vertical static 
r lection in the keel and side blocks. This is taken into 
account py using a "DELTA" value, the static vertical 
deflection. "DELTA" changes as the block system stiffness 
changes and is updated for each time step in the three degree 
of freedom submarine drydock blocking system program, 
BSDOFRUB", The incorporation of the "DELTA" value into this 
computer program is discussed by Luchs [21] ín greater detail. 
The other difference is that in the vertical direction there 
Pombestoring force once the Submarine lifts off of the side 


blocks. The model breaks down at this point and the computer 
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program flags this asa failure mode. ٠٦-٦ hone, Only the 
Beper right hand quadrant of the bilinear loop is valid for 
vertical loading of the Side blocks. Lift off occurs if there 


s Zero vertical restoring force. 


These procedures are then used to determine the keel and 
side block horizontal and vertical stiffnesses for all eleven 
submarine drydock blocking systems. Table (5.1) lists these 
stiffnesses for each system. KVSP, which is equal to KD3, is 
the vertıcal side block stiffness once the S CO ESPE has 
been exceeded. Similarly, KSHP, which is equal to KD2, is the 
horizontal side block stiffness once the horizontal FSPL has 
Deen exceeded. A complete іза па Of system (1-11) 
stiffnesses and values for XEL, QD, KU, KD are included іп 


Appendix 3. 


The area inside the bilinear loop is the energy lost to 
the system due to hysteretic damping during one excitation 
cycle. Figure (5.4) is an idealized picture of what would 
EBreurssduring one” cycie of earthquake excitation. It is 
typical of what would happen during sinusoidal excitation 
where the FSPL is exceeded. However, earthquake excitation is 
much more complex and random in nature. The actual bilinear 


plot for an earthquake excitation is much more complicated. 
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À BASIC computer program 13 developed to generate 
Bilinear stiffness for any point in time during system 
excitation. This program is general in nature so it can 
nandle random earthquake excitations. It is developed based 
on an elasto-plastic BASIC program developed by Paz (4012. A 
listing of this program is included in Appendix 3. pt 
ac udes a detailed explanation of the logic used to compute 
the bilinear stiffnesses. This program is later translated 
into FORTRAN and is included аза subroutine in "3DOERUB". 
The name of this subroutine is “BILINALL" and is included in 


Appendix 1. 


5.2 System 1 Bilinear Analysis Results 

System 1 parameters are entered into "3DOFRUB" and the 
following results are obtained. First, the system fails at 16 
% of the 1940 El Centro Earthquake due to side block liftoff. 
A copy of the output of this run and input data file are 


included in Appendix 3. 


The system does not deform plastically in the horizontal 
direction. However, plastic deformation of the side block 
caps does occur in the vertical direction. Figure (5.5) shows 
the restoring force, R4, as a function of time. R4 15 
designated as the force on the right set of side blocks 


looking forward at the submarine blocking system. 
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R4's initial value isa measurement of the portion of the 
weight of the submarine supported by that set of side blocks. 
ШО Т ау, it is excited about this point. After plastic 
deformation of the cap occurs, the right set of side blocks 
incurs a permanent Set; therefore, (һе Кес! blocks, which do 
not plastically deform, are deflected to the same point as the 
side blocks and take more of the load. This reduces the load 
on the side blocks and causes the R4 plot to oscillate around 


a new lower value. 


Bore (5.6) їз а plot of the rotation of the submarine 
٣۰٠ the keel during this MES There is direct 
Correlation between کر ہت‎ magnitude and R4 throughout much 
the earthquake. тїз l lüustrates the dominance of ithe 


rotational degree of freedom in this particular system. 


The permanent set is most evident in figure (5.7). This 
meteor R4 versus YPRIME2 (Side block vertical deflection) is 
БЕ пррег right quadrant of the bilinear loop. Since this is 
ЖЕНІС ӘРЕ the response to 15 % of the 1940 El Centro 
Earthquake, which the system survives, the plot remains in 
this quadrant and R4 does not go below Zero. However, this 
plot does indicate that failure is imminent. A permanent set 


of 0.06 inches can be Seen. 
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Failure would occur earlier because the location of the 
actual side block surface nas changed. Lift off would occur 
at this new lower position. The bilínear behavior of the side 
EDO Kus Clearly seen in the figure. The two stiffness 


Slopes are evident. 


Figure ОЛОК з ар Ос ҮРЕЇМЕ during the 15 % Of El 
*entro. ШШЕ ила value is the static deflection of the 
side blocks. The zero displacement line on this curve 
Endwcates the initial undeflected position of the side blocks 


pberore the submarine weight is added. 


ENERO (5,9) 1S typical of the bilinear behavior due to 
horizontal loading of ۰ Cr Side blocks due to 
earthquake loading. One of the features of the bilinear 
Subroutine logic is that as the velocity of the earthquake 
K changes ana the amplitudes decrease for а short 
Period, the curve oscillates along an elastic line. Many of 
these oscillations can be seen in figure (5.9). This response 
is considered reasonable and 18S confirmed by experimental 


results done for dynamic isolators as shown in figure (4.9). 
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CHAPTER 6 


RUBBER BILINEAR MATERIAL PROPERTY MODEL 


EE Determination Of Rubber Cap Properties 

As shown previously, rubber has many properties that make 
ао 2aeat capping material for drydock blocking systems. 
Though rubber is a non-linear material, it is possible to 
model it aS a bilinear material using similar procedures as 
for wood. Based on data from compression tests conducted Dy 
the Johnson Rubber Company of Middlefield, Ohio [333 on 
natural rubber, a bilinear model is developed. These. vests 


results are shown in figure (6.1). 


Two lines are drawn on figure (6.1) ‘to approximate the 
non-linear load deflection behavior measured. ET OM These 
lines Wo values of bilinear modulus of elasticity аге 


computed as follows: 


ЕБ ЛА = (25 Kips)/(36*7 in?) = 99.2 psi EAT)‏ تک 
k, 2 P,/y' 2 (25 kips)/(0.2 in) = 125 kips/in (6.2)‏ 
k, = ZAA/L (6.3)‏ 


pombining (6.2) and (6.3) gives: 


в (125 kips/in)* (2 in)7(36*7 in?) = 992.1 psi (6.4) 
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mer the second slope: 
ke= AP/Ay = (110-65 kips)/(0.4-0.3 in) = 450 kips/in (6.5) 


ESE" E/A= (450 Kips/in)d*(2 in)/(36*7 ine) = 3571 psi (6.6) 


Where: 
ИШ тше у1еї@ stress for the natural rubber in figure (6.1) 
at which point the modulus changes to a higher value. 

P, 1s the yield load for this test specimen. 

À is the cross sectional alea Of thë test piecem The specimen 
was 36 inches long by 7 inches wide. | 

IS thE initial stiffness of the rubber specimen which is 
the initial slope in figure (6.1). 

ү IS the deflection of the specimen at the point where the 
slopes change. 

ENS (пе initial modulus of natural rubber calculated from 
this test. 

Is the thickness of the test specimen (2 inches). 

KE IS tne second stiffness of the rubber specimen which ls the 
Seconamslope in figure (6.1). 

АР 15 the change in load measured along a portion of the 
Second slope. 

A y is the change in deflection measure along the same portion 
of the this slope. 

E NS The second modulus of natural rubber calculated from 


this test. 





pne initial value of modulus determined from this test 
specimen (992 psi) correlates very well with other compressive 
tests [30] conducted on hard rubber giving a modulus of 1044 


psi. 


Using the two computed moduli and the yield stress for 
natural rubber, an idealized stress-strain curve for natural 
rubber for side block vertical loading is constructed. This 
шале 1S shown in figure (6.2). This differs from the 
Izeustress-strain curve for Douglas fir in that rubber 
starts off initially with a low stiffness and shifts to a 
higher one at a relatively low stress level. Whereas. Douglas 
fir exhibits an initial high stiffness and shifts to a second 
Stiffness similar to natural rubber at a much НЕЕ stress 


level. 


Since rubber 18 isotropic, no load orientation 
modifications has to be made. As mentioned in section 4.3, up 
to very large values of strain, shear remains very close to 
linear and does not exhibit the change in Stiffness as in the 
Case of compression. Therefore, the modulus of rigidity and 
thus horizontal stiffness is assumed constant. “Applying 
equation(4.11), the value of shear modulus of rigidity is 


computed as follows: 


G= 0.339* £7 = 0.339 * 992.1 psi = 336 psi Com 








STRESS. “BSI 


> o admes was = dp . — mn <=. 


IDEALIZED STRESS/STRAIN CURVE 
NATURAL RUBBER 
SIDE BLOCK VERTICAL LOADING 


700 
600 
200 
400 
300 
290 


100 





023 

050 
4175 
100 


> © Ww с nm e 
ضا نہ‎ fo. a eJ 
= = = (g (g Q 


STRAIN  IN/IN 


FIGURE 6.2 


ama “s +‏ س 


114 


1 ` ہے ہے ہے 





6.1 Side Block System Rubber Cap Bilinear Model 





A modified form of the bilinear model used to represent 
ШИВ TIT iS used for side block rubber caps under vertical 
loading. In the vertical uirection, there is no restoring 
ЕСЕ once the Submarine lifts off the side blocks; therefore, 
only the upper right hand quadrant of the bilinear loop is 
Шапа in this case. This rubber bilinear model differs from 
the Douglas fir model in that the rubber unloads down the same 
path that it is loaded. This is a good approximation of the 
behavior of rubber since rubber experiences no permanent set 
even past the point where it changes stiffness. Actual rubber 
does experience slight hysteresis, but this is taken into 
account in the "3DOFRUB" program by using 5 % critical 
damping. For very thick rubber caps 8 * critical damping is 


used in this thesis. 


Figure (6.3) is a depiction of this rubber bilinear 
model. In this figure KU3 is equal to kvs and KD3 is equal 
KVSp. In this case, kvs is the total initial stiffness of one 
sensor Side blocks. It is obtained ру inputting “ZZ for 
natural rubber into the vertical stiffness spreadsheets 
included in Appendix 4. Similarly, kvsp is obtained by 
٠۰۰۰٠٠٠٦ "۶60۴ natural rubber into the vertical stiffness 
spreadSheets. The value kvsp is the total stiffness Of one 
set of side blocks once the rubber cap changes stiffness to 


its higher value. 
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The following equations describe the various features of 


5۶۰076 (6.3): 


YEL = Q ,*A_/kvs (6.8) 
ООЗ = YEL* (KU3-KD3) (6.9) 
Line 1: R = КУзху (6.10) 
Line 2: R = KD3*y + QD3 (6:11) 


Where: 


ШЕН 15 (пе е1азсіс limit for the blocking system in inches. 

À. is the cap area for one set of side blocks. 

DU SEthecrestoring force of the side blocking system due to 
Vertical displacement. 

у їз the vertical displacement of the cap surface of the side 
blocking system. 


003 is the R intercept of the second stiffness slope. 


Since natural rubber exhibits bilinear behavior at a very 
low stress level, іс іс necessary to also develop a bilinear 
model for the keel blocks. This is not necessary for Douglas 
mr capped keel blocks because they do not reach sufficient 
stress levels to exhibit bilinear behavior. An approach 
similar to that used for the side blocks 1з used to develop 


the bilinear rubber model for the keel blocks. 





Àn additional subroutine for the  "3DOFRUB" computer 
program із developed to include the rubber bilinear behavior. 
This subroutine is called "RUBBER" and is included in Appendix 
1. The "3DOFRUB" computer program uses the fact that the QD's 
are negative for rubber as a flag to call the "RUBBER" 
subroutine. The inclusion of both the "BILINALL" and "RUBBER" 
subroutines in “3DOFRUB" makes the program sensitive to 


materials with different types of non-linear behavior. 


A one inch rubber cap is put on all of the eleven 
Submarine drydock blocking systems. The stiffnesses are 
calculated using similar Spreadsheets to those included in 
Appendix 4. The tabulated results for stiffnesses,  YEL's, 
NS EDS. and OD'sS for these new systems are also listed in 
this appendix. System 12 corresponds to system 1 with a 1 
inch rubber сар on both the keel and side blocks. Systems 30 
through 39 correspond to systems 2 through 11 with similar 
Rubber caps. Chapter 8 S snti ls “песе” сопрагезжишгре 
differences in response due to addition of rubber for all 


eleven systems. 


System 12 parameters are entered into "3DOFRUB" and the 
following results are obtained. First, the system fails at 33 


% of the 1940 El Centro Earthquake due to side block lift off. 





Mat tne | inch rubber сар system 1 fails at 16 % of this 
earthquake. Therefore, the addition Of TT ine GS ЕО 
doubled the survivability of system 1. A copy of the output 
E спе system 12 run and a copy of the input data file are 


included in Appendix 4. 


Figure (6.4) is a plot of the restoring force, RA, as a 
Eunctron of time. AS in the case of wood, R4's initial value 
shows the portion of the submarine weight supported by that 
set of side blocks. Unlike the wood case, no permanent 
plastic deformation of the cap occurs, and R4 oscillates about 
the initial displacement point. Again in this figure, as 15 
the case for wood, the rotational degree of freedom appears to 
mihale the response for the side blocks. A is: of the 
un Of the Submarine about the keel as a function of time 


is snown in figure (6.5). 


The rubber bilinear behavior of the side block system is 
clearly seen in figure (6,6). miS figüre Shows тас the 
rubber capped side blocks load and unload on the same curve 
during each cycle of the earthquake. Since this system 
survives this magnitude of the earthquake the value of R4 does 


not go below Zero, however, failure is imminent. 
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The Ker fEeEaLUTe Of the TUüUbBbEer Capping material- is 
displayed in figure (6.6). As the side block system unloads 
۰۰۰٠ 6 16ت‎ more difficult for the Submarine to lift off the 
blocks as R4 and YPRIME2 approach zero. This is due to the 


rubbers' low stiffness at low stress. 


Figure (6.7) 18 a plot of the vertical deflection of the 
side blocks during the earthquake. The initial deflection is 
the static deflection caused by the submarine weight. This 
Baar deflection is significantly larger than the deflection 
which occurs when wood caps are used. This is due to the 
rubber cap's lower initial modulus of elasticity. For rubber 
caps, the initial deflection iS approximately 0.38 inches; and 


caps, this initial deflection is 0.24 inches.‏ ۶1۶7 165 ہ۰۰۰۰ 
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CHAPTER 7 


DYNAMIC ISOLATOR BILINEAR MATERIAL PROPERTY MODEL 


7.0 Determination of Dynamic Isolator Blocking Properties 


The use of dynamic isolators in drydock blocking systems 
offer many advantages over Standard drydock blocking 
configurations used today in high seismic risk areas. Dynamic 
isolators decouple the drydocked submarine from horizontal 
ground accelerations. dissipate earthquake energy, and 
Suemiticantly reduce accelerations seen ру delicate equipment 
Inside the submarine. This chapter will analyze the 
properties of the D.1.S. dynamic isolator described in section 


4.4 and Shown ín figure (4.7). 


Table 7.1 lists dynamic isolator bilinear properties 
supplied ру Dynamic Isolation Systems Incorporated (36) for 
each side block and keel block isolator. These isolators are 
of sufficient size and strength to be applicable to submarine 


drydock blocking system 1, 


TABLE 7.1 
SIDE ISOLATOR KEEL ISOLATOR 
9D: 4.55 kips 11.03 kips 
KU: 17.89 ۰ بط‎ in 81,31 kips/in 
KD: 1.83 kips/in Sieve kips/in 
Kvert: 850 1 7" 1845.83 kips/in 


(where Kvert is the vertical stiffness of each isolator) 
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In order to incorporate these isolator properties into 
blocking pier stiffness calculations. it is necessary to 
calculate equivalent elastic moduli for these isolators. 
Appendix 5 ircludes the E used to perform these 
calculations. These spreadsheets are virtually the same 
spreadsheets previously used to calculate blocking pier 
horizontal stiffness. Four blocking layers are maintained in 
these spreadsheets. The isolator replaces the oak. Ji S 
assumed that the isolator has the same dimensions as the oak 


layer. 


To determine an equivalent modulus of elasticity this new 
olator laye! is modeled as a cantilever beam/ shear element. 
Nac compl1sh this, the isolator layer is moved to the top of 
the four layers of the blocking pier and the other layers are 
pade infinitely stiff. The resulting layer stiffness is made 
equal to the given value from Table 7.1 by adjusting the value 
Of the isolators’ modulus of elasticity. The modulus of 
rigidity is assumed to be one-tenth of the value of modulus of 
elasticity. Since the output is a total layer stiffness which 
includes both bending and shear Е. the exact 
relationship of modulus of elasticity to modulus of rigidity 
is not important. Moduli are determined in this manner for 


side and keel block KU's and KD's. 
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Once the moduli for the isolators are determined, total 
blocking pier stiffnesses are determined by using the 
stiffness spreadsheets as before, Portions of these 
Spreadsheets listing the blocking pier stiffness results are 
included in Appendix 5. Figures (7.1) and (7.2) are the 
ideal i zed stress/strain curves for side block and keel 
isolators перес челу SUD JECT tO horizontal load. The 
isolators’ equivalent modulus values (El and E2) shown аге 
those obtained from the spreadsheets. The stress at which the 
curves change slope qom cm 18 obtained 5 the following 


equations. 


NEN - RE Aro  XEL*XKU/A: es (7.1) 
XEL = OD7 (KU = KD) 702) 
where: 
Р,л- 15 the maximum force the isolator can withstand without 
changing the modulus of elasticity. 


Ara, iS the top cross-sectional area of the isolator. 





Ав сап be seen in figure (7.1) and (7.2) a D.I.S. dynamic 
О оао exhibits bilinear material properties. Therefore, 
these isolators can be described using a bilinear model 


similar to that used for wood. 
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Figure (5.4), the bilinear force-displacement curve for the 
horizontal keel blocking system, is a description of the 


benavior of the D.I.S. dynamic isolator. 


The QD value іп figure (5.4) for the keel block system 
auch Includes isolators) is obtained using the following 


equations: 


E. KU 67.32 
QD1 = XEL1*(KU1-KD1) (7.4) 
where: 
XEL1 is the elastic limit for the keel blocking system in 
inches. 
QD1 is R intercept of the second stiffness slope Оё ОЬ keel 
blocking system. 
KU1 is equal to the Khk. 


hee is equal to khkp. 


Eguations (5.3) through (5.7) in section 5.1 describing 
the пел ез Gf the Wri) i near loop are also directly 
applicable, The side blocking system is modeled ina similar 
manner. The "BILINALL" subroutine previously described is 
used to implement the bilinear model for D.1I.S. isolators in 


the "3DOERUB" computer program. 
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Submarine drydock blocking system 1 is used as the 
baseline for this analysis. The isolators are added to this 
System as described in section 7.1. The parameters from this 
erstem аге input into the  "3DOFRUB" computer program. The 
wmesults Of this run and the input data are included in 


Appendix 5. 


ЕС ЕГО modifications are made to the input data file. 
есе іпсіпде пакіпПп the side block and keel block widths 
extremely large to simulate their being rigidly attached to 
Ene dock floor. This would be required if base isolators are 
Not he large horizontal displacements which occur. 
ЕЕ he coefficient of friction for the block on block 
surface 15 increased toa very large number to simulate the 
ШІП attachment of the isolators to the blocking pier апа 
caps. has attachment is essential for proper isolator 
performance. шие percentage Oof critical damping ts increased 
МИСЕСІУ to a value 8% ) consistent with the use of 


elastomeric base isolation systems (341. 


The system fails at 37 * of the 1940 El Centro earthquake 
due to side block liftoff. Figure (7.3) shows the horizontal 
side block restoring force, R2, as a function of time for this 


system (system 90) and for the original system 1. 
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BusUugh system 1 survives less than half the earthquake 
percentage of system 90, it experiences twice the forces. 
System 90 also shows smoother and lower frequency force 
response. This shows how the isolator reduces the forces and 
Peseelerations seen by the internal equipment and personnel on 


ШЕ submarine. 


Figure (7.4); а 0 “от force versus horizontal 
ENSplacement, shows that the side blocks on both systems 1 and 
۰۰٠٠٠٢٦٠٠٠٦٠٦۱٦٠ linear elastic fashion up to tneir respective 
earthquake magnitude of failure. As shown by run output in 
Appendix 5 system 90 falls once bilinear side DIOGK System 
Nesponse starts to occur. The large resulting deflections 
use the Submarine to lift off the side blocks. This shows 
muet These particular isolators are not EZ Cruned o DOE 


this system. 


ШІСІ isolators for this system would decrease the 
РР е Цепсіес until they are no longer efficiently excited 
by the earthquake frequency spectrum. Presently. system 90's 
mode ОЮ лесу (2 HZ) “Corresponds to the fundamental 
frequency of the El Centro earthquake. Luchs t21J describes 


the effect of modal frequencies on System response. 
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Horizontal displacement versus time is shown in figure 
(7.5) for the two systems. As expected system 90 shows very 
Nat Ge displacements compared to system 1. Horizontal 
displacements are almost two orders of magnitude greater when 


isolators are used in this blocking system. 


Forces and displacements correlate very strongly with 
rotation (theta), figure (7.6) for both systems. Again, this 
shows the dominance of the rotational degree of freedom in 
these systems. This is a large reason why the use of 
horizontal base isolation alone may not be the total answer to 


the lift off failure problem. 


Figure (7.7) shows that the isolators have little effect 
on the vertical system displacements. Both systems 90 апа 1 
follow the earthquake's vertical excitation very closely in 
this direction. Displacements would be approximately the same 
if both systems experienced the same earthquake magnitude. 
Since the systems are much stiffer in the vertical direction, 


a much higher response frequency is seen. 
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CHAPTER 8 


COMPARISON OF SUBMARINE DRYDOCK BLOCKING SYSTEM MATERIALS 


Mec lleven submarine dryaock bloeking systems previously 
analyzed by Sigman (16) are reexamined using the bilinear wood 
шее апа bilinear rubber model (using 1” rubber caps). Using 
the procedures described іп sections 5.1 and 6.1 for wood and 
rubber respectively, stiffness and QD values are obtained for 
the eleven systems. A complete listing of these properties is 


included in Appendix 4. 


These values are input into the "3DOEFRUB" computer 
асана ТОП each of the eleven are while all other 
submarine and dry dock parameters remain the same. The 
Dregram is run for each system using the Same 1940 El Centro 


earthquake acceleration time history as Sigman. 


pert nn مء ہے‎ ۰ aues cen а n ursa pedi pie bli > + © tuna qus mmm سہےدہمًووڑممومسہیسترے‎ + u mr 


Material Model 


Sigman's results are discussed in section J.2 and are 
shown in figure (3.2). The survival percentages for the 
eleven systems as determined by Sigman ranged from 13 to 39 % 
(mean 26%) of the 1940 El Centro earthquake acceleration time 


ШИС Огу (0.06 to 0.18 g's peak). 
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Figure (8.1) compares the bilinear wood model results with 
Sigman'S.Survival percentages range from 15 to 30 % (mean 23 
% ) INCA gs. the range ts 0.07 to 0.14 g's for the bilinear 


мос” model. 


Overall the bilinear wood model predicts failures at 
approximately 10% lower acceleration values. In the case of 
systems 9 through 11 the bilinear wood mode} Predicts failures 
at gerelerations approximately 30 & lower than Sigman 


predicted. 


эсеп Material Mode 


Figure (8.2) compares the bilinear rubber model results 
With the bilinear wood model. Survival percentages range from 
Metro 42 % (0.11 to 0.19 g's) with a mean of 30% for the 
Eunear rubber model. Overall CRE Me ao ۴ ظط ط0‎ 6 5 mede! 
ea dicts survival at approximately 30 % higher acceleration 
salues than the bilinear wood model. In the case of systems 1 
ШОШО К ле bilinear rubber model predicts survival at 
accelerations approximately 5O * higher than what the bilinear 


Erodgomodel predicts. 
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In cone case, system 6, the bilinear rubber model predicts 
sightly lower Survivability than the bilinear wood model, 
However, in every other case the bilinear rubber model 


Вст сапа! tO Significantly greater survivability. 














8,3 Overall Comparison Among Bilinear Wood, Bilinear Rubber, 
ВЕ ОЕ, and Sigman Results. 
Figure (8.3) combines the results for the eleven 


ОШО ле агуаоск blocking systems using the’ various blocking 
material models. In every material model for all eleven 
Б еш та оге 15 аце то Side block liftoff. Roughly, this 
figure shows that the use of rubber asa capping material 
increases the systems' survivability, and the use of the 
bilinear model decreases the survivabılity from the model used 
NS Aman. This is not always the case possibly due to system 
modal frequency effects. Since the behavior of system l is 
1-1! ОР Тһе behavior of all eleven Systems, it is chosen 


for further analysis. 


Figure (8.4) is the comparison of the survival percentage 
of system 1 using the Sigman's model, the bilinear wood model, 
the bilinear rubber model, and the bilinear D.I.S. isolator 
model described in chapter 7. This figure clearly indicates 
the potential use of rubber caps and/or dynamic isolators in 


improving submarine drydock blocking System survivability. 
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UncNEDaSselrne conditiewemNP Dis thesis is considered to be 
the bilinear wood model. This best describes the condition of 
the submarine drydock blocking systems today. Compared to 
CRIS baseline, the rubber caps and isolators each 


Eepuoximately double the System's SsurvivabillMy. 
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CHAPTER 9 


CONCLUSIONS AND RECOMMENDATIONS 


U.S. Naval shipyards where submarines are drydocked are 
located in regions of the United States where significant 
earthquakes are known to occur. The graving dry docks at 
these shipyards are currently designed to withstand earthquake 
Epucelerations up to 0.26 g's. Previous research using linear 
ewestic material models showed that submarine drydock blocking 
Systems “would fail due to side block liftoff at accelerations 
Биаитетсап(!іу lower than the 0.2 q level required by current 


Navy drydocking standards. 


This thesis confirms these results using a material model 
for wood which more closely represents its actual behavior. 
Using this bilinear model, it is determined that the submarine 
drydock blocking systems would fail by side block liftoff at 
even lower accelerations due to plastic deformation of - the 


Douglas fir capping material. 


New materials are then analyzed inorder to determine 
meire potential for increasing system Survivability. The 
materials analyzed are natural rubber and dynamic isolators. 


The rubber is used as a substitute for the Douglas fir soft 
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Ende tne “dynamic isolators are used as a substitute for 


the oak (hard wood) layer of the blocking systems. 


The response behavior of rubber and the dynamic isolators 
allows them to be modeled" as bilinear Materials. It ig 
ШЕЕ Пеа that significant increases in survivability occur 
men NESE Materials are incorporated in the blocking systems. 
Rubber caps and isolators either singly or in combination are 
IE ArT active potential solutions to the submarine drydock 


blocking systems' survivability problem. 


Biguüces (8.3) and (8.4) show that all the systems 
examined in this thesis, including the systems where rubber 
caps or isolators are used, fail well before the dry dock 
Self fails (0.26 (45). They also fail well below the 
ео. 9 level. It is clear that the current submarine 
drydock blocking systems provide inadequate protection of the 
Submarines from accelerations caused by earthquakes that will 


probably be experienced in the near future. 


Since the survivability of submarine drydock blocking 
systems is essential at least up to the point where the dry 
dock itself Survives, a new blocking system for these 


submarines needs to be designed. The  "S3DOFRUB" computer 
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program with the bilinear models included should be used as a 


design tool in this effort. 


In order to improve the design Of the current blocking 
systems the following studies are recommended. First, 
determine the effect of side block cap angle, side block 
buildup height, and block on hull friction coefficients. 
second, determine the effect of adding additional restraints 
to the submarine blocking system including the use of wale 
shores. Third, determine the effect of tuning dynamic 
isolators to enhance their performance. The use of rubber as 
a substitute capping material needs to be further analyzed 
including varying the thickness of the сар. Finally, 
combinations of use of isolators and rubber caps need to be 


studied. 


Other design features need to be examined including 
increasing blocking Stiffness. widening or restraining the 
keel and side blocks to prevent overturning. and changing the 
drydock blocking system modal frequencies. In addition, a 
study needs to be done examining the effects of using 
ىق-‎ ۶ ٣٤ acceleration time histories representative of 
particular dry dock locations. If possible, experimental 
studies should be done to determine the validity of the 


"3DOFRUB" computer program and the bilinear subroutines. 
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Additional studies need to be done on the material 
properties of rubber, particularly the variation of shear 
modulus when subject to compressive loads. ۶۰۰٠٠۰٠٦٦٠٠٢٠٠ ٢٣ ۴ت‎ 
studies need to be done on existing wood materials used in 
drydock blocks. 0۳656 "٣6 59٣٦٦ ٦ک‎ 0 0ا6‎ 7018610170046 determining the 
powdulüuscor elasticity of Douglas fir and oak when they are 
Loaded at varíous grain angles. Biaxial loading should also 


be studied. 
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D Lines 


1 


"3DOFRUB" Computer Program Listing я 


03-11-88 
| 169500534 
7 Microsoft FORTRAN77 V3.20 02/84 


$title: ’3DOFRUB’ 
$nofloatcalls 


$storage: 2 

E келеке тіке =E Es Y. --1- 0 720 
C NON-LINEAR THREE DEGREE OF FREEDOM SYSTEM RESPONSE 

C USING FOURTH ORDER RUNGE-KUTTA METHOD 

С AND BILINEAR VERTICAL & HORIZONTAL STIFFNESSES 

E WITH HORZ/VERT ACCELERATION INPUT 

C AND DISPLACEMENT OUTPUT FILES 

С (INCLUDES WALE SHORE EFFECTS & HIGH BUILDUPS 

9 AND THE USE OF RUBBER CAPS) 

C --------------...................-.........................л........... 


G WG, G) Gy Gy Ci о 


integer NN,l,mm,n,hull,nsys,fl&410,11 

ingeger flagl,flag2, flag3, flag4, flags, flag6, flag7, flags 
integer KY1,KY2,KY3, KY4, WWW1, YYY1, UUU1, WWW2, YYY2, UUU2, WWW3, YYY3 
integer UDU3, WWW4, YYY4, UUU4, UUUS, WWW5,YYY5,decrr 
real*8 beta, weight,h, Ik, gravity, AAA, Ks, sidearea, keelarea, plside 
real ac(2002), acv( 2002), xx( 2002), yy( 2002), tt (2002), rrr(2002) 
real*8 m(4,4),cx(4,4),k(4,4),ko(4,4),crit2,erit3 

real*8 baseside,basekeel,htside,htkeel 

real*8 dtau,maxx,maxt,maxy,timex,timet 

real*8 rfl,rf2,rf3,hfl,hf2,hf3,ampacc,mass,ampacmax 

realx8 kvs,kvk,kvkp,khs.khk, kshp, kkhp, kvsp, base, counter, time 

real*8 timel,time2, time3, time4, time5, time6, time7, timeß 
real*eex,t.y, xold, told, yold, XSCL(6) 
real*8 bbb, ccc,w12,wl, w22,w2, w32,w3, model, mode3 
real*8 mmx1,mmang1,mmx3, mmang3, crit4, alpha, LLL 

геа! *8 timey,mmmmml,mmmmm2,mmmmm3, mmmmm4 
real*8 КК. 5 ТАП, А(6), В(6), ССБ), р(6), Е(6),Е(6),С(6), НЕН (6) 
real*8 br,amp,plkeel,ul,u2, XPRIM, VEL 
real*8 KU1,KD1,khkb,QD1, XEL1, XMAX1, XMIN1,RR1,221,WZ21, VEL1 
real*8 KUZ2,KD2,khsb,QD2, XEL2, XMAX2, XMIN2, RR2,222,W22, YPRIMI 
real*8 KUS3,KD3,kvsb1,QD3, YEL1, YMAX1, YMIN1.RR3,2Z23,WZ23,DELTA 
real*8 KU4,KD4, kvsb2, YEL2, YMAX2, YMIN2, RR4, 224, WZ4, YPRIM2, VEL2 
real*8 KU5,KD5, kvkb, QD4, YEL3, YMAX3, YMIN3, RR5,225,W25, YPRIM3 
CHARACTER*40 DEC, DECV, quakname, hname, vname 
character*40 sbfname, acl fname, outfname, vfname 


READ IN VESSEL AND DRYDOCK DATA; VESSEL WEIGHT, KG, I( ABOUT KEEL), 
TIME INCREMENT OF DATA POINTS, VERTICAL STIFFNESS OF SIDE AND 
KEEL PIERS, HORIZONTAL STIFFNESS OF SIDE AND KEEL PIERS, 
GAVITATIONAL CONSTANT, SIDE BLOCK BASE AND HEIGHT, 

KEEL BLOCK BASE AND HEIGHT, 

BLOCK-BLOCK AND BLOCK-HULL FRICTION COEFFICIENTS, 

SIDE AND KEEL BLOCK’S PROPORTIONAL LIMIT, 

SIDE PIER-VESSEL CONTACT AREA, KEEL PIER-VESSEL CONTACT AREA, 

CAP BLOCK INCLINATION ANGLE. 


OPEN INPUT FILES AND READ DATA 
write(x*x,'(a)') ' ENTER SHIP/BUILDUP FILE NAME ... ' 
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D Lines 


Ал ЮМ м Hr 


во 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 


100 
101 
102 
103 
104 
105 
106 
107 
108 
108 
110 
111 
112 
113 
114 
115 
116 
117 
118 


13 
12 


Page 


03-11-88 
16250224 
Microsoft FORTRAN77 V3.20 02/84 


read(*,’(a)’) sbfname 
open(4, file= sbfname,status=’old’,form=’ formatted’ ) 


read(4,*) weight,h, Ik, kvs, kvsp, kvk, AAA, Ks 
read(4,*) khs khk, kshp, kkhp, QD1, QD2, QD3, gravity 
read(4,*) bz2seside, basekeel,htside,htkeel,ul,u2 
read(4,*) br,plside,plkeel,sidearea,keelarea,zeta 
read(4,*) hull,nsys,beta,QD4,kvkp 
CLOSE (4) 


write (*,*) 'DO YOU WANT RESPONSE OUTPUT FILES? (Y OR N)’ 
read(*, (a) ) dec 
if (dec.eq.’Y’.or.dec.eq.’y’) then 


write(*,*) 'INPUT DESIRED RESISTANCE пек, к o 
мгісе(ж,ж) 'KEEL HORIZONTAL FORCE = 1’ 
write(*,*) ‘SIDE BLOCK HORIZONTAL FORCE = >, 
WEEE E E) “LEFT SIDE BLOCK VERT FORCE = 3° 
write(*,*) ‘RIGHT SIDE BLOCK VERT FORCE = 4’ 
write(*,*) “KEEL BLOCK VERTICAL FORCE = 5’ 


read(*,*) decrr 
endif 


0ٰ8 ٘٘ ٘ 49 0 8 
08 +90 5 
m(1,J)=0.0 
“۶) 10 
کی تج‎ О 
ko 60 
continue 
continue 


CALCULATE SYSTEM PARAMETERS 


mass-weight/gravity 
LLL=sart( (htside-htkeel ) **2D0+(br/2D0) **2D0) 
alpha-asin((htside-htkeel)/LLL) 


m(1,1)=mass 
m(1,3)=h*mass 
m(2,2)=mass 
m(3,1)=mass*h 
"03399۴ 


k(1,1)=(2DOxKs+2DOxkhs+khk) 
k(1,3)=(2DO*Ks*AAA+2DOxkhsxLLL*sin(alpha)) 
ARO =K 019) 

k(2,2)=(2DOxkvs+kvk) 
k(3,3)=(2DO*Ks*AAA**2DO+2DO*khs*x((LLL*sin(alpha))*x*2D0)+ 
+ (2D0*kvs*((LLL*cos(alpha) ) **2D0)-(weight*h) )) 
КОСТ ЕКІ 1) 

koll, 3)=k(1,3) 

Ко(3,1)=К(3,‚1) 

EoOU252)2k(2,2) 

кз) 


DETERMINE NATURAL FREQUENCIES OF SYSTEM 
bbbz-(m(1,1)*k(3,3)*m(3,3) *k(1, 1) -m( 1, 3) *k( 3, ens Ое, 
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D Lines 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
192 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 


10000 


Page 3 
03-11-88 
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Seem) 1) em 3, 3')—m(1,3)*mt3,1)) 


E hy КОЗИ (E у (3, 1))/(m(1, 1)*m(3,3)-m(1,3)8m(3, 1)) 


NATURAL FREQ. MODE $1 


w12=(-bbb-sqrt(bbb*x*x2- 1iDOx*cce))/2DO 
wl=sqrt(wl2) 


NATURAL FREQ. MODE 82 


w22=k(2,2)/m(2,2) 
w2=sqrt(w22) 
NATURAL FREQ. MODE $3 


w32z(-bbb«sqrt(bbb*x2-4DOxcco) ) /2DO 
w3=sgrt(w32) 


MODE SHAPE #1 & #3 


model=(m(i.3)*wl2-k(1,3))/(-—m(1, 1)*wl2+k(1,1)) 
mode3=(m(1,3)*w32-k(1,3))/(-m(1,1)*w32+k(1,1)) 
DETERMINE C11 C13 C31 C33 
mmxl-m(1,1)*m(1,3)/model 
mmangi-model*m(3,1)*«m(3,3) 
mmx3=m(1,1)+m(1,3)/mode3 
mmang3=mode3*xm(3,1)+m(3,3) 
mmmmm1l=2D0*zeta*mmxl*wl 
mmmmm2=2D0*zeta*mmx3 *w3 
mmmmm3=2D0*zeta*mmang 1 *wl 
mmmmm4=2D0*zeta*mmang3*w3 


cx(1,3)=(mmmmml -mmmmm2)/(1/model-1/mode”?) 
ex(1, 1) =mmmmml-(cx(1,3)/model) 
ex(2,2)=2D0*zetaxm(Z, 2) *w2 

ex(3, 1)=(mmmmm3-mmmmm4) /( model -mode3) 
ex(3, 3)=mmmmm3-(cx(3, 1) *model) 


READ IN ACCELERATION DATA 
CALL ACCLINPT( amp, ac, acv,dtau, quakname, hname, vname) 


ESTABLISH FAILURE CRITERIA AND FLAGS 


eritz2amin (ul,u2) 
crit3- (6.6D-1*baseside-1.2D1)/htside 
crit4=basekeel/(6DOxhtkeel) 
ampacc=1D0 
EOUnter=000 
ampacmax=0.0 
continue 
write(*,*) ampacc 
1881-0 
flag2-0 
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178 flag3zO | 

179 flag4=0 

180 fiag5=0 

181 flag6=0 

182 flag7=0 

183 flag8=0 

و0 ۱ ع3٣۶۲‏ 184 

185 maxx=0.0 

186 maxt=0.0 

187 maxy=0.0 

188 mm=0 

189 x=0. 0 

190 NO Me 

191 оо 

192 xold=0.0 

193 vola=0.0 

194 66109 00 

195  ٗ 0 

196 00 

197 ۲620۷20-0 

198 

199 C INITIALIZING BILINEAR VARIABLES 

2 00 

201 C INITIALIZING DELTA 

202 

203 if (kvs.eq.kvsp) then 

204 YEL1=0.0 

205 elseif (kvs.ne.kvsp) then 

206 YEL1-QD3/(kvs-kvsp) 

207 endif 

208 if (kvk.eq.kvkp) then 

209 EEDSSOSO 

210 elseif (kvk.ne.kvkp) then 

211 YEL3=QD4/(kvk-kvkp) 

212 endif 

213g DELTA-weight/(2DO*kvs*kvk) 

214 if (QD3.ge.0.0.or.QD4.ge.0.0) then 

215 khvepl-zkvs 

216 kvkb=kvk 

217 goto 100 

218 endif 

219 БӨНСЕРЕТА ]t.YEDL3.and.DELTA.l]t.YEL1) then 

220 kvsbl=kvs 

221 kvkb=kvk 

222 elseif (DELTA.ge.YEL3.or.DELTA.ge.YEL1) then 

223 kvsbl=kvsp 

224 kvkb=kvkp 

225 DELTA=YEL3+(weighnt-(YEL3x(2DO*kvs+kvk)))/(2DO*xkvsp+kvkp) 

226 end1f 

227 

228 100 continue 

229 

OC INITIALIZING KEEL HORIZONTAL STIFFNESS 

231 

232 KU1=khk 

233 KD1=kkhp 

234 khkb=KU1 

235 if (9р1 .еа. 0.0) goto 101 

236 KY1=0 
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D Lines 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
2959 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
212 
273 
274 
25 
276 
207 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 


101 


102 


103 


rage 5 
03-11-88 
16750734 


7 Microsoft FORTRAN77 V3.20 02/84 


XEL1=QD1/(KU1-KD1) 
XMAX1=0.0 
XMIN1=0.0 

RR1 =0. O 

Z2 12050 

WEI O 

WWW1 =0. O 

ТЕО 0 

0001700 


continue 


INITIALIZING SIDE BLOCK HORIZONTAL STIFFNESS 


КЕІ2д-ЕНЕ 

KD2=ekshp 

khsb-KU2 

ІС (ШЕ ва 0 0) goto 102 
KY2=0 
XEL2=QD2/(KU2-KD2) 
XMAX2=0.0 
ХМІМ2-0.0 

RR2 =0. O 

27225020 

22-0 0 

WWW2=0.0 

Y 2 =O, O 

0002-00 


continue 
INITIALIZING LEFT SIDE BLOCK VERTICAL STIFFNESS 


KU3=kvs 
KD3=kvsp 

IT EDS ес O O) goto 103 
KY3=0 

YMAX1=0.0 
УМО. О 
RR3-kvsb1*DELTA 
£090 0 

H230 0 
WWW3=0.0 
оО 
0003=0.0 


continue 


INITIALIZING RIGHT SIDE BLOCK VERTICAL STIFFNESS 
KU4=kvs 

KD4=kvsp 

kvsb2-kvsb! 

if (QD3 .eq. 0.0) goto 104 
KY4=0 

YEL2=YEL1 

YMAX2=0.0 

YMIN2=0.0 

RR4=kvsb2*DELTA 

2-00 
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329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 


+ нь нь нь нь нь нь р нк р )— par ps ps pd ps pd pd ыра ұза р р нА р od а нь р р 


FN FA ттт 


105 


106 


107 


С 


کے - 


GSS 88 
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WWW4=0.0 
0۷۷۳ھ‎ ۹4 20 
JUOW4-o. O 


continue 

INITIALIZING KEEL VERTICAL STIFFNESS 
KU5=kvk 

KD5=kvkp 

if (QD4.eq.0.0) goto 105 
Ero Y 

YMAX3=0.0 

YMIN3=0.0 

RR5=kvkb*DELTA 

225=0.0 

WZ5=020 

WWW5=0. 0 

оО 

00 0 

continue 


IMPLEMENTATION OF EQUATIONS OF MOTION INTO THE 
RUNGE-KUTTA FORMULUS 


de 301.1=1,2000 

CALCULATE BILINEAR STIFFNESS AND RESISTANCE 
CALCULATE KEEL HORIZONTAL BILINEAR STIFFNESS 
1Т (ӘЙІ .eq. 0.0) goto 106 


CALL BILINALL(x,S,khkb,RR1,KD1,QD1,KU1,XEL1, ХМАХ1, ХМІНІ, 
A 221; WZI WWWI,YYY1,UU0U1l) 


continue 

CALCULATE SIDE BLOCK HORIZONTAL BILINEAR STIFFNESS 
XPRIM=+x+LLL*t*sin( alpha) 

if (QD2 .eq. 0.0) goto 107 
VEL-«S«LLL*TAU*sin(alpha) 


CALL BILINALL ( XPRIM, VEL, khsb, RR2, KD2, QD2, KU2, XEL2, XMAX2, XMIN2, 
+ KY2,ZZ2,WZ2,WWW2, YYY2,UUU2) 


continue 
CALCULATE LEFT SIDE BLOCK VERTICAL BILINEAR STIFFNESS 
YPRIM1=-y-t*LLL*cos(alpha)+DELTA 


if (QD3 .eq. O.O) goto 108 
17 (QD3 .Et. 0.0) then 
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Lines 
355 
356 
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358 
259 
360 
361 
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363 
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366 
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368 


370 
du 
2/2 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
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398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
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410 
411 
412 
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VEL1=-R-TAU*LLL*cos( alpha) 


CALL BILINALL(YPRIM1, VEL1, kvsb1, RR3, KD3, QD3, KU3, YEL1, YMAX1, 
+ ҮМІМ1, КҮЗ, 223, Н23, ИИМЗ, ҮҮҮЗ, 0003) 


elseif (QD3 .1t. 0.0) then 

CALL RUBBER(YPRIM1,kvsb1,RR3,KD3,QD3,KU3,YEL1) 

епатт 

continue 

CALCULATE RIGHT SIDE BLOCK VERTICAL BILINEAR STIFFNESS 
YPRIM2=-y+t*LLL*cos(alpha)+DELTA 


if (QD3 .eq. 0.0) goto 109 
if (QD3 .gt. 0.0) then 


VEL2=-R+TAU*LLL<*cos(alpha) 


CALL BILINALL(YPRIM2,VEL2,kvsb2,RR4,KD4,QD3,KU4,YEL2, YMAX2, 
+  YMIN2,KY4,224,WZ4, WWW4, YYY4, UUU4) 


elseif (QD3 .1t. 0.0) then 

CALL RUBBER(YPRIM2, kvsb2, RR4, KD4, QD3, KU4, YEL2) 
endif 

continue 

CALCULATE KEEL VERTICAL STIFFNESS 
YPRIM3=-y+DELTA 


1: (058 ed. 0-0) goto 110 
if (QD4 .gt. 0.0) then 


CALL BILINALL (YPRIMS3, -R, kvkb, RR5, KD5, GD4, KU5, YEL3, YMAX3, 
+۰۰۱٢٦٠3۴٦5, 205,۳۵25, ۳۷۷۷,۰۰۲۳ ۲5 , 0005 ( 


elseif (QD4 .1t. 0.0) then 
CALL RUBBER(YPRIMG3, kvkb, RR5, KD5, QD4, KU5. YEL3) 
endif 


continue 


RECALCULATION OF DELTA 
if (QD3.ge.0.0.or.QD4.ge.0.0) then 
DELTA=weight/(2DO*kvs+kvk) 


goto 120 
endif 


Parse R 
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421 
422 
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426 
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425 С 


LII 


443 3000 


302 


US =L1=0€ 
| Mi £t FORTRAN77 v3.26 02/84 
5 - ICIOSOQ 
if (kvkb.eq КУК) then У3.20 02/84 


DELTA=weight/(2DOxkvs+kvk) 
elseif (kvkb.gt.kvk) then 


BE ASYELS+ (weight—(YEL3*( 2D0*kvs +kvk) )) /(2D0*kvsp+kvkp ) 
endi 


continue 


if (QD1.eq.0.0. and. QD2. eq. 0. 0. and. QD3. eq. 0. O. 
+  and.QD4.eq.0.0) goto 111 


RECALCULATION OF STIFFNESS MATRIX VALUES 


k(1,1)=(2DO*Ks+2DO*khsb+khkb) 
k(1,3)=(2DOx*Ks*AAA+2DO*khsbx*LLL*sin(alpha)) 

вт. 3) 

k(2,2)=(kvsbl+kvsb2+kvkb) 

k(3,3)=(2D0*Ks *AAA**2D0+2D0*khsb*( (LLL¥*sin( alpha) )**2D0)+ 
+ ((kvsbl*kvsb2)*((LLL*cos(alpha))**2DO)-(weightxh))) 


DO 3000, 11=0,5 


S0 0‏ ۹ھ 
EN OO‏ 
С(11)-0.0‏ 
DONI =O O‏ 
E(11)-0.0‏ 
F(11)=0.0‏ 
0.0=) ]21 
HH(11)=0.0‏ 
CONTINUE‏ 
mm=mm+ 1‏ 


DO 302, NN=1,4 
IF(NN.EQ. 1) THEN 
۲٢۵ 
ELSE IF (NN.EQ.2 .0 NN. EQ.3) THEN 
FF=5D-1 
ELSE IF (NN. EQ. 4) THEN 
FF=1DO 

ENDIF 

A(NN) =dtau*(R+FF*D(NN-1)) 

B(NN) =dtau*(S+FF*E(NN-1)) 

C(NN)=dtaux( TAU+FEFx*XF(NN-1)) 

D(NN)=dtaux( (-cx(2,2)/m(2,2))x*(R+FF*D(NN-1))-(k(2,2)/m(2,2)) 
**(y*FF*A(NN-1))-amp*ampacc*acv(1)/2.54DO) 

G(NN)=dtaux( (-cx(1,1)/m(1,1))*(S+FFXE(NN-1))-(cx(1,3)/m(1,1)) 
+*x( TAU+FEXF(NN-1))-(k(1,1)/m(1,1))*(x+FFx*B(NN-1)) 
+-(k(1,3)/m(1,1))*(t+FF*C(NN-1) )-ampacc*ac(1)/2.54D0) 

HH( NN) =dtau*( (-cx(3,3)/m(3,3))*( TAU+FF*F(NN-1) )-(cx(3, 1)/m(3, 3) ) 
+x(S+FFXE(NN-1))-(k(3,3)/m(3,3))x(t+FF*C(NN-1))+(m(3,1)/m(3,3)) 
+*((-cx(2,2)/m(2,2))*x(R+FF*D(NN-1))-(k(2,2)/m(2,2))*(y+FFx*A(NN- 
+1)))*(t+FF*C(NN-1)) 

*-(k(3,1)/m(3,3)) *( x FFXB(NN-1)) 
*-(m(3,1)/m(3,3))*ampacc*ac(1)/2.54DO) 


E(NN)z(m(1,1)*Xm(3,3) *G(NN) -m( 1, 3) *m( 3, 3) *HH(NN) )/ 
+(m(3,3)*m(1,1)-m(1,3)*m(3,1)) 


F(NN)z(HH(NN)-(m(3,1)/m(3, 3) ) XE(NN)) 
continue 
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Line# 1 


473 C 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 C 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
205 C 
sus C 
507 
505 C 
508 
510 
2251 
512 
513 
514 
515 
516 
7 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
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DETERMINING SYSTEM RESPONSE 


yold=y 
y=-yold+(A(1)+2DOxA(2)+2DOxA(3)+A(4))/6DO 


xold=x 
x=xold+(B(1)+2D0*B(2)+2D0*B(3)+B(4))/6DO 


تہ اتی 
t=told+(C(1)+2DOxC(2)+2DOxC(3)+C(4))/6DO‏ 


R=R+(D(1)+2DO*D(2)+2DO*D(3)+D(4))/6DO 
S=S+(E(1)+2D0*E( 2) +2D0*E(3)+E(4)) /6D0 
TAU=TAU+(F(1)+2DO*F(2)+2DOx*F(3)+F(4))/6DO 
MAXIMUM VALUES FOR TRANSLATIONS AND ROTATION 


mM abs(xold).Zt.abs(maxx)) then 
timex=dtaux( 1-1) 
maxx-xold 
endif 
if (abs(told).gt.abs(maxt)) then 
timet=dtau*(1-1) 
maxt-told 
endif 
1 (абе(уоіа) et. abs(maxy)) then 
timey=dtau*( 1-1) 
maxy-yold 
enda t 


CALCULATE VERTICAL AND HORIZONTAL FORCES CAUSED BY VESSEL, 
TEST EOR FAILURE 


CALCULATE FORCES ON SIDE/KEEL BLOCKS 
if (QD3.eq.0.0) then 
rfi-kvs*((weight/k(2,2))-yold-(LLL*cos(alpha))*told) 
rf2-kvs*((weight/k(2,2))-yold*(LLL*cos(alpha))*told) 
elseif (QD3.ne.0.0) then 

BLU RK 

rf2-RR4 
endif 


if (QD4.eq.0.0) then 

r£3=kvkx( (weight/k(2,2))-yold) 

elseif (QD4.ne.0.0) then 
+1۲335 

endif 


if (QD2.eq.0.0) then 
hf l=khs*(xold+LLL*told*sin(alpha) ) 
hf2=khs*(xold+LLL*told*sin(alpha) ) 
elseif (QD2.gt.0.0) then 

00 92 

l ro 2 
endif 


pf Ору сл о-о; then 
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Lines 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 
555 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
Sa 
572 
573 
574 
575 
s 
577 
578 
579 
580 
581 
582 
583 
584 
585 
586 
587 
588 
589 
590 
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400 


410 


420 
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hf3=khk*(xold) 


elseif (QD1.gt.0.0) then 
hf3=RR1 
endif 


TEST FOR SIDE BLOCK SLIDING 


if (flagl.eq.1) then 

go to 400 
elseziır ОЕ 070 О and. r£6t.Et.0.0 

.and. ul*rfl+hfil+u2*rflxcos(beta)*sin(beta) 


+ -rfl*cos(beta)*sin(beta) .1t. 0.0) then 


timel= dtaux( 1-1) 
flagl=1 
else it (hf2 82.0.0 запа ге2 де о0о 
.and. -ul*rf2+hf2-u2*rf2*(cos(beta)*sin(beta)) 


* *rfZ*cos(beta)*sin(beta) .gt. 0.0) then 


timel-dtau*(1-1) 
i gel = | 

endif 

= ата 

Е 

ei cold 

contınue 


TEST FOR KEEL BLOCK SLIDING 


if (flag2.eq.1) then 
go to 410 
212-٦) 53 0.0.0. and. abs(hf3/Tf3).4t.crit2) then 
time2zdtau*( 1-1) 
flag2-] 
endif 
о = хата 
vos yad 
t2-told 
continue 
TEST FOR SIDE BLOCK OVERTURNING 


1f (flag3.eq.1) then 
go to 420 
ЕЕ ЕЕ ТЕ O O and i rfləsgt' O Q and. abs(hfl1lZ/Zrfl)<zgt. oerit3) then 
time3= dtaux*(1-1) 
flag3=1 
с с=с Areco 0.0. and. rf2.4t.0.0, and. abs(hf2/rf2).g8t.crit3) then 
time3=dtaux( 1-1) 
flag3=1 
endif 
SO r] 
23 а 
АЕ 
continue 


TEST FOR KEEL BLOCK OVERTURNING 


if (flag4.eq.1) then 

go to 430 

else if (rf3.8t.0.0.and.abs(hf3/rf3).gt.crit4) then 
time4d=dtau*( 1-1) 
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Lines 
591 
592 
583 
594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
ЕШ» 
616 
617 
618 
619 
620 
621 
622 
623 
624 
625 
626 
627 
628 
629 
630 
631 
632 
633 
634 
635 
636 
637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
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440 


450 


460 
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flag4-1 

endif 

xqdsyold 

yázyold 

t4=told 

continue 


TEST FOR SIDE BLOCK LIFTOFF 


if (flag5.eq.1) then 
go to 440 
есен E OO or, rf2,1t.0.0) then 
time5=dtaurx( 1-1) 
fas o=1 
endif 
х5-хо1а 
26 - Я 
t3- Cola 
continue 


TEST FOR KEEL BLOCK LIFTOFF 


if (flag6.eq.1) then 

go to 450 

ег 1.0.0) then 
time6=dtau*(1-1) 
flag6-1 

endif 

xb-xold 

y6=yold 

8ۃ 606 

continue 


TEST FOR SIDE BLOCK CRUSHING 


if (flag7.eq.1) then 

go to 460 
elsen ri-g8t O0 -and. (rfl/sidearéa).gt.plside) then 
flag? =) 

time?=dtaux( 1-1) 


else if (rf2.gt.0.0 .and. (rf2/sidearea).gt.plside) then 
f lag 7=1 
time7=dtau*( 1-1) 

endif 

е ОТА 

vrzyold 

e7=told 

continue 


TEST FOR KEEL BLOCK CRUSHING 


if (flag8.eq.1) then 
&o to 470 
else if (rf3.gt.0.0 .and. (rf3/keelarea).gt.plkeel) then 
flag8-1 
time8=dtaux*x( 1-1) 
endif 
ха 
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3DOFRUB 


D Lines 
1 650 
1 651 
1 652 
1 653 
] 654 
1 655 
1 656 
1 657 
1 658 
1 659 
1 660 
1 661 
1 662 
1 663 
1 664 
1 665 
1 666 
1 667 
Т 668 
1 669 
1 670 
1 671 
I 672 
1 673 
1 674 
1 675 
1 676 
1 677 
1 678 
1 679 
1 680 
1 681 
1 682 
1 683 
1 684 
] 685 
Í 686 
1 687 
1 688 
] 689 
1 690 
1 681 
1 692 
1 693 
1 694 
1 695 
1 696 
1 697 
1 698 

699 

700 

701 

702 

703 

704 

105 

706 

707 

708 


1 


470 


501 


502 


503 


504 


505 


506 


301 


6 OOOO 


C 


7 
y8zyold 
to-told 
continue 


CAPTURE OF DISPLACEMENT, ROTATION & RESISTANCE OUTPUT: 


Jet (dec.ne.’Y’.and.dec.ne.'y’) goto 301 
xx (mm) =xold 

tt(mm)=told 

Бото (501, 502, 503, 504, 505), аесгг 
if (QD1.eq.0.0) then 
гет) БЕЗ 

elseif (QD1.gt.0.0) then 
rrr(mm)=RR1 

endif 

уу (шт) =уо1а 

goto 506 

if (QD2.eq.0.0) then 
rrr(mm)-hfi 

elseif (QD2.gt.0.0) then 
rrr(mm)=RR2 

xx(mm)=XPRIM 

endif 

yy(mm)=yold 

goto 506 

if (QD3.eq.0.0) then 

Gey TMI =F] 

elseif (QD3.ne.0.0) then 
rrr(mm)=RR3 

endif 

yy (mm) =YPRIM1 

goto 506 

if (QD3.eq.0.0) then 
rrrimm)=erf2 

elseif (QD3.ne.0.0) then 
rrr(mm)=RR4 

endif 

yy ( mm) -YPRIM2 

goto 506 

if (QD4.eq.0.0) then 
пиш тш = rf 

elseif (QD4.ne.0.0) then 
rrr(mm)=RR5 

endif 

yy (mm) -YPRIM3 


continue 
continue 
go to 999 
continue 
ittdee ne" rY.'.and.dec.ne.'y') then 
write(*,'(A)') ' I AM FINISHING. ' 


goto 20000 
endif 
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CREATION OF DISPLACEMENT, ROTATION, & RESISTANCE OUTPUT FILES: 
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3DOFRUB 


D Lines 
709 
710 
CLL 
712 
713 
714 
715 
716 
۷ 
718 
719 
720 
Tel 
122 
723 
724 
723 
726 
1.27 
728 
729 
730 
ЭТ 
732 
ШЕЕ 
734 
735 
736 
792 
738 
739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
751 
192 
753 
754 
755 
7386 
757 
758 
759 
760 
761 
TOZ 
763 
764 
765 
766 
767 
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CALL RESPALL(xx, yy, tt, rrr,dtau) 
998 go to 20000 
679 CONTINUE 

if(ampacc.eq.1D0) then 


write(*,’(a)’) ’ ENTER OUTPUT FILENAME ...’ 
read(*,’(a)’) outfname 
open( 46, file=outfname, status=’new’, form=’ formatted’ ) 


write(46,4000) nsys 
2000 —format(1x,/,28x,'xxxx System ',I2,]x, '*xxx' ) 
write(46,4050) hull 
ISG tormat( ix, 7,30x,*** Aull ’,13,1x,’ **’ ) 
write(46.4100) 
4100 format(1x,//,28x,'* Ship Parameters ж”) 
write(46,4150) 
asm tormat( ix, /,ox. Weight’ 8x, ’Moment of Inertia’,9x, ’K:G.’) 
write(46, 4200) weight, Ik,h 
5۰.3 Тогпаг( Іх f9.1.1x, kips',l1x,fll.l,lx.'kips-in-sec?', 
13x, 9.1, 1X, ins’) 
write(46,4250) 
4250 format(1x,//,26x,'* Drydock Parameters ж”) 
write(46, 4300) 
43009 =format(1x,/,1x, "Side Block Height’, 3x, ’Side Block Width’, 
+3x, ’Keel Block Height’,3x, ’Keel Block Width’) 
write(46,4350) htside, baseside, htkeel, basekeel 
оо ГО. 1, 1х, 155’, 11х, 26.1, 1х, ins’, 11x, f6.1,1x,’ins’, 
+9x f6 1x "ins') 
write(46,4400) 
4400 format(1x,/,1x,'Side-to-Side Pier Distance',3x,'MWale Shore Ht.’ 
+ ‚3x, ’Wale Shore Stiffness’,2x,’Cap Angle’) 
write( 46, 4450) br, AAA, Ks, beta | 
В مود ہد‎ Ix С” 6. 1,1x, ins ,17x,f6.1,1x,*ins*,898x,f8.1,1x, 
۰۰. 55۱٠ [1> СО. 3, 1х, rad) 
write(46,4470) 
4470 format(1x,/,’ 1Side Side Pier Contact Area’ 
+,3x, ’ Total Keel Pier Contact Area’,6X, kkhp') 
write(46, 4475) sidearea,keelarea, kkhp 
Io mani ex. f11.1,1x,” 102",14x,f11.1,1x,*1n2*,10x,f7.1,1x, 
* 'kips/in') 
write(46,4500) 
4500 format(ix,/7,1x.’B/B Friction Coeff’, 3x, 
+’H/B Friction Coeff’, 5x. ’kshp’, 10x, 'kvsp' ) 
write(46,4550) ul,u2,kshp,kvsp 
2H NETPSEmac(5 f7.3,13x,f7.3,7x,f7.1,1x, 'kips/in',1x,f7.1, 1x, 
* "kips/in') 
write(46,4600) 
4600 format(1x,/,1x,’Side Pier Fail Stress Limit’,4x, ’Keel Pier’ 
+,’ Fail Stress Limit',6x,'kvkp') 
write(46,4650) plside,plkeel,kvkp 
4650 format(1x, 10x, f7.3,1x, ’kips/in2’ 15x, f7.3,1x, ’kips/in2’, 
КОХ, ГТ l] 1х, 'kips/in') 
write(46,4700) 
4700 format(1x,/,1x, ’Side Pier Vertical Stiffness’,3x,’Side Pier’, 
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D Lines 


p 


ha 


768 
769 
770 
771 
772 
id 
774 
75 
776 
777 
778 
779 
780 
781 
782 
783 
784 
785 
786 
187 
788 
789 
790 
791 
792 
793 
794 
795 
796 
797 
798 
799 
800 
801 
802 
803 
804 
805 
806 
807 
808 
809 
810 
ana 
212 
813 
814 
815 
816 
517 
818 
819 
820 
921 
822 
823 
824 
825 
826 


4750 


4775 


4780 
4782 


4785 


4800 
4850 
4852 
4854 


4875 


4895 


4990 
49800 
4950 
5000 
5050 
5100 
5200 
5250 
5300 
5400 
5450 
5500 
5700 


6000 


6001 


+ 


+ 


+ 


+ 
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£ Horizontal Stiffness') 


write(46,4750) kvs,khs 


formati ix 3x Till, ix,  kipsp 10", 11x,f11.1,1x, *kips/in?)>) 


write(46,4775) 


format(1x,/,1x,'Keel Pier Vertical Stiffness',3x, 


'Keel Pier Horizontal Stiffness') 
writ (46,4780) kvk,khk 


torma lx Sx 011.1; 1x "Rips/in' Do f101:. 1, 1x, "kipsZin') 


write(46,4782) 


Dormetolix 5x "OD 17x 29D2'.!8x. 'QD3', 17x, 'QD4*) 


write(46,4785) QD1,QD2,QD3,QD4 


fermat < ЕО 1 1х, KIps 27x £898.1,1x,^KTps'.8x,f8.1,1x,"kips", 


72.58 1. 1X kips’) 
write(46,4800) 


format(1x,//,20x,'* System Parameters and Inputs ж”) 


write(46,4850) quakname 


format(1x,/,1x. ’Earthquake Used is ’,A40) 


write(46,4852) hname 


fermat(1x,/,1x, Horizontal acceleration input is ',A40) 


write(46,4854) vname 


formati! / Js" Vertical acceleration input is 


write(46,4875) 


' , A4O) 


format(1x,20x,' Earthquake Acceleration Time History.’) 


write(46,4995) 


format(1x,/,1x, 'Vertical/Horizontal Ground Acceleration Ratio’ 


‚Зх, Data Time Increment’) 
write(46,4990) amp, dtau 

ОЕША СТОЕВ 3 t55.fb5 3 1X,'sec') 
write(46,4900) 


format(1x,/,1x,'Gravitational Constant',3x,'9* System Damping’ ) 


write(46,4950) gravity, zeta*100. 


Norma (lx 6.2. .1x, 1n/sec2',10x,f6.2,1x, '*X') 


write(46,5000) 
fermatlıx, /,25%, Mass! Maàtrix',/) 
do 5100 121,3 
write: 46,5050) m(i,1),m(i,2),m(1,3) 
ВЕ (1х. 215.4, 5%. Е15.4. 5х. 215.4) 
continue 
write(46,5200) 
format(1x,/,25x, ’Damping Matrix',/) 
do 5300 i=1,3 
writer d5. 5250) cx(i,1),cx(i,2),cx(1,3) 
ша: 1. 215.4, 5х, 215. 4, 5х, 215.4) 
continue 
write(46,5400) 
format(1x,/,25x, Stiffness Matrix’, /) 
ШЕ 5500 1-1, 3 
write(46,5450) ko(i,1),ko(1,2),ko(1,3) 
format(lx, f15.4, Sx, f15.4, Sx, £15. 4) 
continue 
write(46, 5700) 

format( 1x,//) 
WRITE(46,6000) 


FORMAT(1X,'Undamped Natural Frequencies',t35,'Mode #1’, t50, 


"Mode #2’, +65, 'Моае #3’) 
write(46,6001) w1,w3,w2 


rad/sec') 
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WRITE(46,6002) 

6002 FORMAT(1X,'Damped Natural Frequencies',t35,'Mode #1’,t50 
Mode. 52'.t55,"Mode. 83”) 
WRITE(46,6500) wi1xsqrt(l-zeta**2),w3*sqrt(1-zeta**2), 
-*w2*xsqrt(l-zetaxx2) 

ЕЕ, 6-1, [7 3, 1х, ‘гаа/зес’, $46, 27.3. 1х, *гаа/зес’, $62. 27.3, 
*' rad/sec') 
endif 


, 


write(46,10500) ampaccx100, quakname 
10500 Гога 77, 1x Бет Earthauake Acceleration of ',f6.2,' X ' 
+, of the "S A40.) 


write(46,25000) 

25000 nocmestolx. Maximums/PFailures'.t26,'X (ins)',t36,'Y (ins)*,+51, 
«Theta (rads)'.t55,' ' Time (sec)') 
write(46,25001) 

25001 format(lx.'----------------- ',t25,'-------- ",t35,'-------- 0 
+’ -- - - - --- - -- -- ’, 564, '----------- n 
write (46,310) maxx. timex 

310 ormat (1x. Maximum X'.t25,f9.6,t65,f5.2) 
write (46,311) maxy.timey 

ЕШ MEeormat (Ix.' Maximum Y',t35,f9.6,t65,f£5.2) 
әріге (465.312) maxt,timet f 


Sie format (lx. ’ Maximum Rotation’, ۲50, ۶9.6, ۲65,5. 2( 
ит BCs baw leg. 1) then 
Pilar O=* lag 20> | 


Nite (46,3135) xl,yl,ti.timel 
На О Side block sliding’ ;,t25,f9.6,t35,f9.5,t50,f9.6, 
OZ) 


3 


ho 
e 


endif 


:۴ ftTag2.eq. 1) then 
flagl0=fiag10+1 
write (46,314) x2,y2,t2. time? 
314 Барша (іс Kael blockosliding' 7725, Г9.6,%35, 79.6,%<50,?79:6, 
USte5.f9 2) 
endif 


атыз ез 1) then 
flaglO-flagi1O-*1 
nce 45.3105) x3,v3.t3,tlme3 
315 oemat X Side block overturning’ .t25,f9.6,t35,f9.6,t50,f9.6, 
tes, 25. 2) 
endif 


me ect lag4 са 1) then 
flag10=flag10+1 
write (46.316) x4,y4,t4,time4 
316 format (1x,'Keel block overturning’ ,t25.f9.6,t25,f9.6.t50,f9.6, 
оо. 5.2) 
endif 


E (flag5.eq.1) then 
flaglO-flagl1O«1 
grite САБЗИ) x5,y5, tS, times 
377 format (1x, Side block liftoff’ О ТЯ 5 Е 6, 550, 29.6, 
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886 * 


893 * 


899 319 
900 + 


906 320 
907 + 


912 11000 


918 
919 
920 
921 
922 
923 
924 
925 
926 
327 
928 
929 
930 20000 
931 
932 


Name Type 


А REAL*8 
AAA REALx8 
ABS 

AC REAL 
ACLFNA CHAR*40 
АСУ REAL 
ALPHA REAL*8 
AMP REAL *8 
AMPACC REAL*8 


RPA FARIA 


03-11-88 


16:50:34 
U Microsoft FORTRAN77 V3.20 02/84 
t65. f5.2) 
endif 


if (flag6.eq.1) then 
flagl0=flag10+1 
write (46,318) x6,y6,t6,time6 
format (1x, Keel block lieff’ 25, ҒЭ.6, 35, Ғ9.6, 50, #9. 6, 
LOS 
endi f 


if (flag7.eq.1) then 
flagiO=flagi0+1 
write (46,319) x7.y7,t7, time7 
tormato od side block crushing’ ,t25,f£9.6,t35,f9.6,t50,f9.6, 
Сб е2) 
endif 


1f (fiag8.eq.1) then 
flagl0=flagl0+1 
write (46,320) x8,y8,t8,time8 
format (ieee heel block crushing' ,t25,f9.6,t35,f9.6,t50, f9.6, 
t65 7٦ 
endif 


if(flaglO.eq.O) then 
write(46,11000) 
format(lx,/, lx, No failures occurred.’ ) 
if(counter.eq.1.0 .and. flagl0.eg.0) then 
go to 60000 
endif 
1f(counter. eq. O0. 0) then 
ampacmax-ampacc 
ampacc=ampacc+1D-1 
counter=1.0 
write(*,'(A)') ' In secondary looping stage. 
endif 
endif 
if(ampacc.le.ampacmax) go to 20000 
if(counter.eq.1.0) then 
ampacc-ampacc-1D-2 
else if(counter.eq.0.0) then 
ampacc-ampacc-1D-1 
endif 
go to 10000 
continue 
stop 
end 


, 


Offset P Class 


48946 
42082 
INTRINSIC 
32882 
* * * * * 
40890 
49344 
49496 
49656 
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D Lines 1 7 
AMPACM REAL*8 
ASIN 

B REAL*8 
BASE REAL *8 
BASEKE REALx8 
BASESI REAL*8 
BBB REAL*8 
BETA REAL*8 

BR REAL x8 

C REAL*8 
СЕС REAL *8 
COS 

COUNTE REALx8 
CRIT2  REAL*8 
CRIT3  REALx8 
CRIT4  REAL*8 

СА REAL *8 

D REAL*8 
DEC CHAR*40 
DECRR  INTEGER*2 
DECV CHAR*40 
DELTA  REAL*8 
DTAU REAL *8 

E REAL *8 

F REAL x8 

FF REAL 
FLAG1  INTEGER*2 
FLAG1O INTEGER*2 
FLAG2 INTEGER*2 
FLAG3  INTEGER*2 
FLAG4  INTEGER*2 
FLAGS INTEGER*2 
FLAG6 INTEGER*2 
FLAG? INTEGER*2 
FLAGS INTEGER*2 
G REAL *8 
GRAVIT REALx8 

H REALx8 

HF 1 REALx8 
HF2 REAL*8 
HF3 REAL*8 

HH REAL *8 
HNAME CHAR*40 
HTKEEL REAL*8 
HTSIDE REAL*8 
HUEL INTEGER*2 
I INTEGER*2 
IK REAL*8 

J INTEGER*2 
K REAL x8 
KD1 REAL *8 
KD2 REAL x8 
KD3 REALx8 
KD4 REAL *8 
KD5 REAL *8 
KEELAR REAL*8 
KHK REAL x8 
KHKB REAL x8 
KHS REAL x8 
ЗЛЕВА 


49672 


48898 
жжжжж 
49170 
49162 
49352 
49258 
49210 
32834 
49360 


49664 
49632 
49640 
49648 
32558 
32786 
49282 
49322 
KKK KK 
49812 
49504 
32302 
32610 
50266 
49680 
49696 
49682 
49684 
49686 
49688 
49690 
49692 
49694 
32514 
49154 
49042 
50318 
50326 
50334 
32466 
49552 
49186 
49178 
49254 
49324 
49050 
49326 
32398 
49844 
49924 
50004 
50068 
50148 
49242 
49106 
49852 
49098 


INTRINSIC 


INTRINSIC 
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D Linet# 1 2 
KHSB REAL*8 
KKHP REAL*8 

KO REAL*8 

KS REAL*8 
KSHP REAL*8 
KU1 REALx8 
KU2 REAL*8 
KU3 REAL*8 
KU4 REAL*8 
KU5 REAL*8 
KVK REALx8 
KVKB REAL*8 
KVKP REAL*8 
KVS REALx8 
KVSB1  REAL*8 
KVSB2  REAL*8 
KVSP REAL x8 
KY1 INTEGER*2 
Kr2 INTEGER*2 
KY3 ІМТЕСЕКж2 
KY4 INTEGER*2 
KY5 INTEGER*2 
L INTEGER*2 
LE INTEGER*2 
LEL REAL*8 

M REAL*8 
MASS REAL *8 
MAXT REAL x8 
MAXX REAL x8 
MAXY REALx8 
MIN 

MM INTEGER*2 
MMANG1 REALx8 
MMANG3 REAL*8 
MMMMMi REAL*8 
MMMMM2 REALx8 
MMMMM3 REAL*8 
MMMMM4 REAL*8 
MMX 1 REAL*8 
MMX3 REAL *8 
MODE1  REAL*8 
MODE3 REAL*8 

N INTEGER*2 
NN INTEGER*2 
NSYS INTEGER*2 
OUTFNA CHAR*40 
PLKEEL REAL*8 
PLSIDE REALx8 
QD1 REAL x8 
QD2 REAL *8 
QD3 REAL *8 
QD4 REAL x8 
QUAKNA CHAR*40 
R REAL *8 

RF 1 REAL *8 
RF2 REAL*8 
RF3 REAL *8 
RR1 REAL*8 
RR2 REAL *8 
3DOFRUB 


49932 
49122 
32210 
49090 
49114 
49836 
49916 
49996 
50060 
50140 
49074 
49828 
49274 
49058 
49820 
50076 
49066 
49860 
49940 
50012 
50084 
50156 
50204 
50262 
49336 
32067 
49328 
49706 
49698 
49714 


49722 
49440 
49456 
49464 
49472 
49480 
49488 
49432 
49448 
49416 
49424 
жжжжж 
50264 
49256 
50502 
49226 
49218 
49130 
49138 
49146 
49266 
49512 
49772 
50294 
50302 
50310 
49886 
49966 


INTRINSIC 
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Ud-i1i1-790 
16:50:34 


D Lines 1 7 Microsoft FORTRAN77 v3.20 02/84 
RR3 REAL*8 50030 
RR4 REAL*8 50110 
RR5 REAL*8 50174 
RRR REAL 24074 
S REAL*8 49780 
SBFNAM CHAR*40 48994 
SIDEAR REAL*8 49234 
SIN INTRINSIC 
SQRT INTRINSIC 
T REALx8 49740 
Ti REAL 50358 
T. REAL 50378 
T3 REAL 50398 
T4 REAL 50418 
TS REAL 50438 
T6 REAL 50458 
TR REAL 50478 
T8 REAL 50498 
TAU REAL*8 49788 
TIME REAL*8 жжжжж 
71۷1 ۹۵ھ‎ 50342 
TIME2  REAL*8 50362 
TIME3  REAL*8 50382 
TIME4  REAL*8 50402 
TIMES  REAL*8 50422 
TIME6 ۵ھ‎ 50442 
TIME7 REAL*8 50462 
TIME8  REAL*8 50482 
TIMET REAL*8 50278 
TIMEX REAL*8 50270 
TIMEY REAL*8 50286 
TOLD REAL*8 49764 
Т REAL 16066 
U1 REALx8 49194 
U2 REAL x8 49202 
0001 INTEGER*2 49914 
0002 INTEGER*2 49994 
0003 INTEGER*2 50058 
0004 . INTEGER*2 S0198 
0005 INTEGER*2 50202 
VEL REAL x8 50214 
VEL1 REAL*8 50230 
VEL2 REAL*8 50246 
VFNAME CHAR*40 жжжжж 
VNAME CHAR*40 49592 
W1 REAL*8 49376 
W12 REAL*8 49368 
W2 REAL*8 49392 
W22 REALx8 49384 
W3 REAL*8 49408 
W32 REAL*8 49400 
WEIGHT REAL*8 49034 
WWW1 INTEGER*2 49910 
WWW2 INTEGER*2 49990 
WWW3  INTEGER*2 50054 
WWW4 INTEGER*2 50134 
WWW5 INTEGER*2 50198 
WZ1 REAL*8 49902 
822 REAL*8 49982 
3DOFRUB Page 20 
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D Lines 
WZ3 


"24 
WZ5 

X 

X1 

X2 

ХЗ 

X4 

X5 

X6 

ХУ 

X8 
ЖЕРІ 
AE 2 
XMAX 1 
XMAX2 
XMINi 
XMIN2 
XOL 
XPRIM 


m чт 


ASCL 


nu 

тг 

Y3 

Уз 

5 

Y6 

Y7 

Y8 
ELT 
EL 
ҮЕГ.З 
ҮМАХ1 
ҮМАХ2 
ҮМАХЗ 
YMIN1 
ҮМІМ2 
ҮМІМЗ 
YOLD 
ІРКІМІ 
TERIN 
ҮРКІМЗ 


NI 
rr? 
ҮҮҮЗ 
ҮҮҮ4 
DX rS 
ZETA 
221 
222 
263 
224 
225 


1 7 
REALx8 
REALx8 
REALx8 
REAL*8 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL *8 
REAL*8 
EEAL*8 
REAL *8 
KEAL «8 
RE AS 
REAL=8 
REAL *8 
REAL *8 
REAL 
REAL =*8 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REALx8 
REAL x8 
REALx8 
REAL x8 
REALx8 
REAL*8 
REAL x8 
REAL *8 
REAL *8 
REAL *8 
READ XB 
RAI ۴ 
٣٤۸٤۵ 
REAL 
INTEGER*2 
INTEGER*2 
INTEGER*2 
INTEGER*2 
INTEGER*2 
REAL 
REALx8 
REAL*8 
REAL*8 
REAL x8 
REAL*8 


3DOFRUB 


50046 
50126 
50190 
49724 
50350 
50370 
50390 
50410 
50430 
50450 
50470 
50490 
49862 
49942 
49870 
49950 
49878 
49958 
49748 
50206 
16018 


49732 
56354 
50374 
50394 
50414 
50434 
30454 
50474 
50494 
49796 
50086 
49804 
50014 
50094 
50158 
50022 
50102 
50166 
49756 
50222 
50238 
50254 

8010 
49912 
49992 
50056 
50136 
50200 
49250 
49894 
49974 
50038 
50118 
50182 


Microsoft FORTRAN77 УЗ. 


16.50:34 
20 02/84 


Раде 21 





16:50:34 


D Lines 1 7 - Microsoft FORTRAN?7 v3.20 02/84 
Name Type Size Class 
ACCLIN SUBROUTINE 
BILINA SUBROUTINE 
MAIN PROGRAM 
RESPAL SUBROUTINE 
RUBBER SUBROUTINE 
Pass One No Errors Detected 


932 Source Lines 
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"BILINALL" and "RUBBER" Subroutine 
Bistings. ° % Ф e Ф ° ° ° Ф Ф ® % 


* Page 1 

01-20-88 

11:06:38 

Line 1 7 Microsoft FORTRAN?? V3.20 02/84 

I $debug 
۹ па: 
3 $storage: Z 
4 $nofloatcalls 
5 
5 
کے دوہ کے کہہے ہے را‎ -2--.-с---------------------- 
5 
9 Ç SUERCUTINE WHICH CALCULATES THE BILINEAR HORIZONTAL 
16 C OR VERTICAL STiFFNESS AND RESISTANCE 

11 
172 


4 SUBROUTINE BILINALLIU,V.PERR.ED.GD,RU,UEL UMAY ۴ ۰۱ء‎ 
5 + М. ТТУ ИУ 

5 

7 A 7٢ 

5 reslis UMAX,UMIN 22.8 

3 integer 9۶٣۶٣۲ 


22% 


ыл ғ с Ро حسم‎ С 


ү &EGINNINB Of EILINEAR LOSIC 


cy 


CHECK TF RESPONSE STILL GN INITIAL ELASTIC LINE 


ку Кз к PFI PF. DI mo. eee م حمھ‎ 


if TRY ,1t. 0) goto 4086 


.2 


25 if (KY .gt. 9) qoto 3489 
27 58۴٤۱ 

28 PREKU 

2 


i0 £ CHECK IF TRE RESPONSE HAS GONE PLASTIC 

32 it (U .gt. -UEL .and. U .1t. UEL) goto 4720 
34 í RESPONSE iS NOW PLASTIC 

36 if (U .1t. -UEL) goto 4040 

36 C RESPONSE 15 ON THE TOP PLASTIC LINE 

39 


40 5220 KY=1 


41 PKzKD 

42 RR=KD+U+0D 
43 рЫ! 

44 YYYzo 

5 11=0.0 

45 goto 4726 
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48 C CHECK IF VELOCITY SHIFTS FROM POSITIVE TO NEGATIVE 


ыл сл 
< ری‎ 


49 
50 3480 — if (V .qt. 0) goto 3720 
31 | 
a CHECK IF ON THE RIGHT ELASTIC LINE 
93 
54 ٣٦٢١٤٤٤ 1 0 
J 
Jo C CALCULATE VALUE OF UMAX 
: = 
3810  YYY=l 
60 7 
ы 
DAL CHECK IF RESPONSE SHIFTS 10 LOWER PLASTIC LINE 
53 
G4 3720 af (U .1t, (UMAX-2*UEL>? goto 4040 
55 
so C CHECK IF RESPONSE SHIFTS TO TOP PLASTIC LINE 
47 
af if fU gt. UMAX? goto 3220 
59 
тас CHECK IF RESPONSE RETURNS TO TOP PLASTIC LINE 
de if (ҮҮТ „eo. 0) qoto 3220 
JA C RESPONSE 15 ON THE RIGHT ELASTIC LINE 
% Y=} 
77 PK=KU 
€ RR=KU+ + (RD-KU) ۶۸۱ 
79 goto 4720 
20 
3 CHECK IF VELOCITY SHIFTS TO POSITIVE 
32 
83 49% if (V gt. 0) goto 4350 
34 
03 CHECK IF RESPONSE REMAINS ELASTIC 
35 
87 if (WWW .eq. 1) goto 4350 
57 [ RESPONSE IS ON THE BOTTOM PLASTIC LINE 
۶0 
91 4150 КҮ>=-1 
92 FKzKD 
9 KR=KD#U-QD 
94 ШЫ) 
55 #1=0.0 
5 goto 4720 


12727; 





Name 


KD 
2 
ET 
PK 
G0 
RR 

iY 
UEL 
UMAX 
UMIN 
Juu 
Иня 
di 
0 


7 
t 


Nase 


BILI 


Pas 


98 € CHECK IF RESPONSE IS ON THE LEFT ELASTIC LINE 
99 
100 4350 if QUU .qt. 0) goto 4376 
101 к/-!) 
102 4370 UUU=1 
103 8]: 
104 
1030 CHECK IF RESPONSE RETURNS TO TOP PLASTIC LINE 
106 
107 it U „ot. (UMINS2SUEL)) goto 3229 
108 
19C CHECK IF RESPONSE RETURNS TO BOTTOM PLASTIC LINE 
110 
Ш if (U „It. UMIN; goto 4150 
pr? 
II E RESFÜNSE if ON THE LEFT ELASTIC LINE 
114 
115 EE | 
Lie Rat Ure {FD-=KU} 0910-50 
a 022 
BIB 
119 4720 continue 
Е RETURN 
i21 END 
Type Offset P Class 
REALES 180% 
REALES 24 t 
INTEGER Z 40% 
КЕЙІ 48 3% 
REALES dl ¢? 
REALE 27% 
REALES Q s 
КЕА #3 28+ 
КЕа +8 na 
REñL +Ë SE 
INTEBER®Z 60 + 
КЕҢ +8 4 + 
INTEGER1Z Sr 
REALS 43 + 
IRTEGER#2 56 + 
REAL FS 44 + 
Type 5126 lass 
NA SUBROUTINE 
5 Опе No Errors Detected 


121 Source Lines 
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Page | 


1-29-88 
15:45:08 
D Lines 1 7 Microsoft ۲08۲۸۸۷77 ۷۰20 14 
! ۶0٤٤:٤0٤8 
2 $title: ‘rubber’ 
& $nofloatcalls 


SUBROUTINE WHICH CALCULATES THE RUBBER CAP VERTICAL 
STIFFNESS AND RESISTANCE 


64 FO — > -O CO c4 Cr ся > 
c 


| 

11 С----------------------------------------------------------------- 
| 

i SUBROUTINE RUBBER SU РЕКЕ, КЮ, 0, КО, ЈЕ) 
14 

15 realtS U,RR,KD,OD,.KU.UEL,PK 

tL 

Ізі BEGINNING OF RUBBER LOGIC 

15 

198: DIE LEERE SENSE STILL ON INITIAL ELASTIC Line 
20 

21 unl ot; WEL? gota 3220 

زا4( <- ئ۲ 2 

2 800 

24 goto 4720 

is 

dal RESPONSE 15 ON THE 2ND ELASTIC LINE 

21 

ed 3221) continue 

e PksKD 

30 ٣۳۲-۲1 

31 


scm continue 


3; RETURN 
34 END 
Мазе Туре Offset P Class 
KÛ REAL +8 PE, 
KU REAL+8 0+ 
PK REAL+E 4 + 
00 КЕЛІ 48 lé t 
RR REAL+8 8 + 
U REAL+8 + 
UEL REAL+8 24 t 
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Sample Input Data File and Output File 


FEESHIP/SUE DRYDOCK BLOCKING SYSTEMEs« 


€&&[NPUT FILE DATAes« 


SHIP NAME: LAFAYETTE SSEN 515 


DATA FILE: A:SIORBILN.DAT 


DISCRIPTION OF ISOLATORS IF USED: NO ISOLATOR ALL BILINEAR 


.ISCRIPTION OF RUILDUP: 8 SPACING COMPOSITE 
DISCRIPTION OF WALE SHORES USED: NO WALE SHÜRES 
DISCRIPTION OF DAMPING: 5 X DAMPING 


LOCATION OF DRYDOCK BEING STUDIED: NO SPECIFIC LOCATION 


NAVSEA DOCKING DRAWING NUMBER: 845-2006640 


REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: SIKHORIG.WKI % SISHORIG.WK1 


MISC. COMMENTS: SIORBILN.DAT 1859 4 MAR 88 


SHIR WEIGHT (KIPS) H= 
Hel6Hi OF RG (TR) H= 
MOMENT OF INERTIA  (FIPSEINESEC^2) [k= 
SIDE PIER VERTICAL STIFFNESS (KIPS/IN) Kvs= 
SIDE PIER VERTICAL PLASTIC STIFFNESS (KIPS/IN) Kvsp= 
KEEL PIER VERTICAL STIFFNESS (KIPS/IN) KVK= 
KEEL PIER VERTICAL PLASTIC STIFFNESS(KIPS/IN) — KVKPz 
HEIGHT OF WALE SHORES (IN) ААй= 
WALE SHORE STIFFNESS (KIPS/IN) KS= 
SIDE PIER HORIZONTAL STIFFNESS (KIPS/IN) KHS= 
KEEL PIER HORIZONTAL STIFFNESS (KIiPS/IN) KHK= 
SIDE PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KSHP= 
REEL PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KKHP= 
RESTORING FORCE AT O DEFLECT KEEL HORI? (KIPS) 001- 
RESTORING FORCE AT O DEFLECT SIDE HORIZ — (KIPS) QD?= 
RESTORING FORCE AT û DEFLECT SIDE VERT (KIPS) dD3- 
RESTORING FORCE AT O DEFLECT KEEL VERT (KIPS) QD4= 
GRAVITATIONAL CONSTANT (IN/SEC*2) GRAV= 
SIDE BLOCK WIDTH (ІК) SBW= 
KEEL BLOCK WIDTH (iN) KBW= 
SIDE ELOCK HEIGHT (iN) SBH= 
KEEL BLOCK HEIGHT (IN) KBH= 
BLOCK ON BLOCK FRICTION COEFFICIENT Ui 
HULL GN BLOCK FRICTION COEFFICIENT U2= 


SIDE PIER TO SIDE PIER TRANSVERSE DISTANCE (IN) — BR- 
SIDE PIER CAP PROPORTIONAL LIMIT SCPL- 
KEEL PIER CAP PROPORTIONAL LIMIT KCPL= 


TOTAL SIDE PIER CONTACT AREA (ONE SIDE) (IN*2) SAREA= 


TOTAL KEEL PIER CONTACT AREA — (IN^2) KAREA= 
PERCENT CRITICAL DAMPING LETA= 
HULL NUMBER (XXX) HULL= 
SYSTEM NUMBER (XXX) NSYS= 
CAP ANGLE (RAD) ВЕТА= 


180 


15559,3 
112 
2410451 
O 
4025.64 
46808. 74 
46908, 74 
0 

0 
382505 
39 ٤ 
215217 
36424. 86 
18998.07 
4817.6 
2252, 37 
Ü 

386.09 


42 
48 
74 
ы 
‚4; 
(93 
144 
А, 
‚55 
8352 
55440 
‚05 
616 

l 


2007 


I 





1 
і 


6 241045 


É, ë 


0,52 
440.0 0.05 


4 
‚ A 
508, 74 


2,00 0,45 


“аз 


ғ, 
y 


79,6 


143.00 0.70 0.45 


Kg 


P, 
; L 


9 


i 


520 55 
4 


TO 
24 


0,00 


3 


a 777 
Vasos? 


1 
4 


515 


42 
-At 


ca 


u” ` 


ULI 


To] 





PEE Dysteg. ! +٤ 


## Hull 615 +4 


+ Ship Parameters t 
Weight Moment of Ine ‘ia К.Б. 
15299,7 kins 2410851.0 kips-in-sec? 12570 105 
# Drydock Parameters # 


Side Klock Height Side Block Width Кее] Block Height keel Block Width 
74,0 1ns 42.0 ins 60.0 ins 48.0 ins 


Side-to-Side Pier Distance Wale Shore Ht. Wale Shore Stiffness Cap Angle 


144,0 ins 0 گ5‎ 0۳۳۰۳1۷۷۰۶٤ 
IGE ide Pres Contact Area Total keel Pier Contact Area kkhp 
5 2 55 0 72 38434,9 kips/in 
B/E Friction ٣یو ا‎ ۶ M/B Friction Coeff kshp kvsp 
EL once о Е ٣۹ 
side Pier Faii Stress Liait Reel rier Fall Stress Liait kvkp 
+00 2 ‚450 kips/in2 45908.7 k195'1n 


Side Pier Vertical Stitfness Side Pier Horizontal Stiffness 
"۰ٌ ۹ ۹۹ ٥١۹ 33 ٦ 


keel Pier Vertical Stiffness Keel Pier Horizontal Stiffness 


453806.7 kips/in 39 ٥ 
GDI 202 005 004 
18998,1 kips 4917.6 kips 2242,4 kips ‚@ їїрз 


# Systeg Parameters and inputs + 
Earthquake Used 15 £940 EL CENTRO 
Horizontal acceleration input 15 HORIZONTAL 


Vertical acceleration input 15 
Earthquake Acceleration Time History. 


Vertical/Horizontal Ground Acceleration Ratio "Data Time Increaent 
17500 ‚010 sec 


Gravitational Constant — 5 Systes Dasping 
386.09 ۰۵ 9.00 4 
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Mass Matrix 


20:292 0000 8183,0420 
‚ 9900 42, 1992 ‚0000 
8183.0420 ‚0000 2410451, 0000 
Damping Matrix 
116.1018 ‚0000 3027. 6454 
‚0000 158.5398 0000 
9027.,6454 . 0000 15492181. 3327 
Stiffness Matrix 
70873, 2409 0000 185102, 8400 
‚0000 57039. 5200 0000 
[5519525170 900$ 99951610, 6070 
Undaaced Natural Frequencies Mode M Mode 82 Mode $ 
6,425 rad/sec 69.650 rad/sec 39,755 rad/sec 
Daased Natural Frequencies Mode #1 Mode $ Mode $3 


eave rad see odas radísez 371.719 rad/sec 


For Earthquake Acceleration of 100,00 % of the 1940 EL CENTRO 


Maxiauas/Failures X tins) Y fins) Theta irads) Time (sec) 
Maximue X BT E 
Maxiaue T پ٭‎ 09 8.01 
Maxisus Rotation , 048797 14.44 

Side block sliding = ае 055215 22021225 5.24 

Feel block sliding ه2‎ 7 -.021704 5,21 

Sıde block overturning  .0082442 -.0851166 911885 31 

Feel block overturning .020382 „052677 601717 4,71 

Side block liftoff 2,000995 5103857 -.093915 4,95 

Side block crushinq -.009432  .021316 , 009338 5,44 
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For tarthquake Acceleration of 
Maxisuss/Fallures Х (195) 
Maxigua J -,246421 
Maxiaus Y 
Maxi&us Rotation 
Side block sliding 000484 
Keel block sliding -.087291 
Side block overturning  .000434 
Keel block overturning -.031319 
Side block liftoff “ҰШ 2252 
Sice block crushing -. 011749 


For Earthquake Acceleration of 


Maxinuss/Failures X iins) 
Maziaua | S 
Masisus Y 
Maxisug Kotation 

Side block sliding 006027 

Keel block sliding -.088425 

Side block overturning  .060027 

Keel block overturning -.021642 

Side block liftoff ‚991255 

Side block crushing ‚008197 


For tarthquake Acceleration of 


۹318 1 ٤ X (ins) 
Maxiaug % -,248603 
Мах: вца Y 
Maxieua Rotation 

Side block sliding - „026675 

Keel block sliding -. 083862 

Side block overturning -.018519 

Keel block overturning -.029241 

Side block liftoff -.000110 

Side block crushing - 011305 


90,00 4 


of 


Y lins) 


-.181860 


‚055408 
‚ 019017 
. 955408 
- „030505 
-.081117 
-.912852 


80,00 104 


Y (ins) 


1 


,051407 
‚009133 
- 051497 

‚058728 
-.051241 
-. 018721 


а: 


Y (ins) 


-.149549 


040248 
‚019448 
034936 
-.004255 
-.025457 
-.039360 
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the 194) EL CENTRO 


Theta {rads} Tise (sec) 


16.31 

8.01 

-.049806 13.82 
‚002296 7 
7,019529 6.23 
. 002296 31 
001947 4.75 
-.007868 4.37 
003220 3. 48 


the 1940 EL CENTRO 


16.31 

8.01 

049040 12:75 
‚001472 7 
-. 017334 6.22 
001472 307 
-.005154 02 
"005703 4. 98 
008773 3.59 


the 1940 EL CENTRO 


Me rads! Tine (sec) 


RITE) 

9.01 

049499 14.18 
-.009791 6.28 
ОКИ. TOM 
-,011260 5.26 
‚007707 5.94 
-. 002465 4,99 
-,008468 12ت‎ 





For Earthquake Acceleration of 


Max1iaues/Fallures 


Мах; апа Y 
Maxif&us Y 


۶۲۰0 


Maxiaua Rotation 


Side block 
keel block 
Side block 
Keel biock 
Side block 
Side block 


Maxiauas/Fallures 


Мах: аце ! 
Мах! веча T 


sliding 2003151 
slıdıng ‚051008 
overturning -.036400 
overturning — .022516 
liftoff -.005402 
crushing 001235 


Maziku kotatiana 


Side bisck 
keel black 
Side block 
Keel block 
Side block 
Side block 


For Earthquake Acceleration of 
Y {ins} 
245529 
5110179 50015197 
sliding - 095151 
overturning -.015797 
overturning 8,0 
ilftoff -.014161 
crushing -, 000834 


$0,600 7 


of 


INS! 


22010752 


021528 
‚09716 
‚021180 
034039 
‚000282 
-.018545 


90.06 1 0} 


-.094418 


908956 
-. 025568 
008855 
‚008726 
„033486 
2050057 


For Earthquake Acceleration of 40,00 X of 
Maxiauas/Failures Y (ins) Y (ins) 
Maxigus | ‚241724 
Махтаца Y 2002137 
Maximus Rotation 
Side block 51101079 ‚052752  .002736 
Keel block siiding 984752 .009522 
Side block overturning .008996 . 014582 
Keel block overturning .927507 ۶882ء‎ 
Side block liftoff -,0048:4 „00975 
Side block crushing .. ۶۲یپ‎ 
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the 1940 EL CENTRO 


Theta trads) Time (sec) 


13.78 

8.00 

‚049920 65 
-.004155 8.50 
. 017490 S 
-.007884 5,24 
‚004804 2,42 
-.001089 5.00 
-.008745 5.78 


the 1940 EL CENTRO 


Theta (rads) Time (sec) 


19.66 

8.00 

047212 12.51 
-.002025 5.51 
-.026015 8.50 
-.00202 6.31 
. 004903 Jade 
-.095057 5.05 
‚008507 5.50 


the 1940 EL CENTRO 


Theta (rads) Time (sec) 


eo 

3.00 

048774 19,50 
‚005452 7.85 
‚ 023788 vat 
2:091317 7,34 
‚097261 6.60 
‚002587 3598 
‚009022 (03 





For Earthquake Acceleration of 30.00 % of the 1940 El CENTRO 


Maxieues/Fatiures X fins) ТҮ tins) Theta {rads) Time tsec) 
Maxiaua x 0 8.07 
Maxiaus Y -.040975 9.90 
Maxisua Rotation 005341 Tat 

kesel block overturning -, 928575 „012919 = 003407 5,96 

Side biock liftoff ۰.0077۰۰5۰ 20027595 9.84 


For Earthquake Acceleration of 29,9% Z of the 1940 EL CENTRO 


Maxıauas/Failures X tınsı Y lins) Theta {rads} Time (sec) 
Marisun X ~, 018083 7.97 
Maxiaua T -, 926897 8.00 
Maximus Rotatıon ‚001545 1.90 

Side block liftoff 00250; .01950 59ھ‎ 5,42 


For Earthquake Acceleration c* 160.00 7 of the 1940 EL CENTRO 


Maxiguas/raliures Пе 1 tis: Theta {rads} Іме (595; 
Maxiaus X -. 005055 ا‎ 
Maximum Y and, 4,79 
мах: еца notation ۸707ء‎ 7 ٦ 


Ares 6 ۰ 


ror Earthauabel Acceleration cf 19.00 Z of the 1940 EL CENTRO 


Maxiguas/Faiiures от (ins) Theta {rads; Tine (sec) 
Maxigug J MERE a Hr 
Maxigus Y 2115522 8,00 
Maxiaus Rotation . 005455 706 

Side block liftoff „002757 „020288 00259[ 5.83 
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For Earthquake Acceleration of 18.00 7 of the 1940 EL CENTRO 


Maxıauas/Failures IAS | 105 Theta (rads) Tise (sec) 
Maxiaus X - 01541; ШЕ 
Maxisua Y -.024196 4,79 
Maximus Rotation ‚ 005294 7,49 

Side block liftoff ‚019977 -,002288 ‚ 002979 6,54 


For Earthquake Acceleration of 17.06 % of the 1940 EL CENTRO 


Maxyimuas’Failures ат Ins) era (ads) Teer 5ес! 
Maxınus | -.01452! Pan 
Maxigua Y >٦ 4,79 
Maxisus Rata'ion | 2002091 7,49 

Side block iiftctt -, 002489 -,602536 250028206 5.99 


For Earthquake Acceleration of 16.90 2 of the 1940 EL CENTRE 


Maxıauas/Failures І 1167 1 (106! Theta rads! Tıse !sec! 
Maxisus ) piss 2097 
Maxrada Y -.021439 4,79 
3ھ‎ 7 ‚002858 7,49 

CTE DICER ٤ -.003316 ¿018301 -,002443 290 


For Earthquake Acceleration of 15.00 % of the 1940 EL CENTRE 


Maxiguas/Failures ГІЛІ | 1116 Theta (rads) Tige (sec) 
Maxiaua ï ‚913495 DERE 
Maxiaus Y = 75 4,78 
Maxımus Rotation ‚002524 7, 48 


No failures occurred. 
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APPENDIX 2 


ls Sample Vertical and Horizontal 
Stiffness Spreadsheets 
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Sample Vertical and Horizontal 
Stiffness Spreadsheets. . . ». + 


VERTICAL STIFFNESS CALCULATIONS FOR DRYDOCK BLOCKS 

HULL TYPE 616 DOCKING PLAN ¢ = 845-2006640 

SYSTEM # 30 KEEL BLOCKS 1" RUBBER CAP El 
BLOCK SPA 16.00 FEET 


VERTICAL STIFFNESS: 


PIER 
LEVEL MATERIAL E LENGTH WIDTH HEIGHT K I/K TOTAL K 
t (Р51) (1М) (1М) (IN) (KIPS/ IN) (KIPS/IN) 
(DEF TH) (TRANSVERSE) 
(B) (H) (L) 
1 RUBBER 992,00. 42.00 ‚00 1.00 393.94 0.0010001 453.76 
2 D.FUR 12539.19 ‚00 4.00 3159.88 0.000315 
3 OAK 25990.00 с 33.67 09.00 1169.35 0.0008552 
: CONCRETE 4000000 .00 ‚00 27.00 298655 .67 0.0000033 
61.00 
63 
i TOTAL STIFF 
BLOCXS 55 OF BLOCK SY 
(KIPS/IN) : 
23086 .68 
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93-Ғер-56 


HORIZONTAL STIFFNESS MATRIX FOR 4 LAYERS 1° RUBBER CAF El 
SYSTEM 30 

THIS 15 Á SIDE BLOCK SYSTEM FOR HULL 616 WITH 5 FT BUILDUP 

16 FOOT CENTERS 


ELEMENT $ 1 © CONCRETE 





DEFTH TRANSVERSE HEIGHT 
El 81 H1 11 L1 
(PS]) (IN (IN) (1N^4) (IN) 
4000000 48 4 29552 8 


) 26 ШИЛ e£111/L1 


oe ee a ee OP ee U‏ موس 


125625000 3097000000 95793000000 49392000000 


A s تھے‎ 





RIGIDIT TOF SHEAR ELEMENT 
6l CONTACT STRAIN SHEAR 
(951) AREA (IN/IN) DEFLECT ION 
(1872) (IN) 
2400000 201$ 0.000000206? 0.00000906 
ELEMENT #2 O% 
DEF TH TRANSVERSE HE] GHT 
22 Ес Hc le E 
(PSI) (IN) (IN) (1874) (IN) 
335720 23.4 29.7 51086 .24235 20 
]2۶210/70663 22е? 4212712 e£ele/Le 


mA EL <= sme = UA m = ee m © == = Ioue amp uec ce ee Se A A w. m = - = = = m H 


25726009.923 257260099.03 3430134656.3 6۶٤ص‎ 


Cue cwm mme HÀ ш з ез э ь ж сс чш чс = жо хш dam ш ошо ш ж ош 





> — = = ж шшш» — Sw Se жш с» же ә» ADS Pe в ч = чш хс ш 


RIGIDITY TOP SHE AK ELEMENT 
6lr CONTACT STRAIN SHEAR 
(PST) AREA (IN/IN) DEFLECTION 

(IN 2) (IN) 
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—— À— — zz. -—-— m deo - 9 -— —Á—— oc oo o o PO UR ub Rode UR 7e coe "mo am am cm am um cb D we cm v... m e m ME a P um P um ut m m m ә 


22990 485.488 00000657197 0.0017143933 


ee. >; = n. o rn s ғ өше سے دہ‎ et we AED өк 


ELEMENT # 3 DOUGLAS FIR 


ГЕРІН TRANSVERSE HEIGHT 
E3 B3 H3 I3 US 
(PSI) (IN) (IN) (IN 4) (IN) 
PEI le 24 13824 6 
۱٤2153 3 بی‎ 768٤ 4213/3 E3 


wee X co کس‎ єт کا س کک کس کس‎ ш „ш Wes کس دہ کے‎ н» чш e шз = eue de کے‎ ше کے مہہ سی کے کے کے سے لے کے کک‎ ee سے سک م‎ ee - — ы 


722152501 2 +08 806 4,3913E*08 


RIGIDITY TOF SHEAR ELEMENT 
б\г CONTACT STRAIN SHEAR 
(PSI) AREA (IN/IN) DEFLECTION 
ЕЈ (IN) 
6807 28€ 0,0005101010 0.003060607 
ELEMENT ¢ 4 RUBREF 
[EFTH TRANSVERSE HEIGHT 
E4 м Ha 14 L3 
(PSI) (IN) (IN) (IN 4) (IN) 
зе le 24 13824 
19414145: чапды? 4414/4 0ء‎ 
1.G45E+08 8.22990E+07  5.4854E+07 2.71427E+07 
RIGIDITY ТОР SHEAR ELEMENT 
б\г CONTACT STRAIN SHEAR TOTAL 
(РСТ) AREA (IN/IN) DEFLECTION SHEAR 
(IN^ 2) (IN) DEFLECTION (IN) 
22 288  0.0102556924  0.0102556924 1.5141Е-02 
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٦۷۱ 0+75 


Sb 10«3t0822" 8- 


bY) 20+ 38906 '0 
tb 20+ 30820" 8 
EU) 00+30000°0 
ED 00430000" 0 
241 00+ 30000°0 
20 00+30000* 0 
141 00+ 30000" 0 


10 00+ 30000°0 


L0* 30822 8- 


80+319609" 1 


L0*3t0822' 8- 


804319669" 1- 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000 ° 0 


L0+3892bL "2 


03002 8- 


80+311££" 6 


80+ 3824€" 1- 


80* 3C ICE" v 


80+672 


00*30000' 0 


00+ 30000'0 


00+ 30000" 0 


00+ 30000" 0 


— LO+3v08z2"8 


80%31%9971- 


80+380L€"1- 


80* 36LLE' 2 


80+ 3951“ 2- 


LO* 388IE' L- 


00*30000' 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


80 1۷,۷ 


80* 39S61' 2- 


60» 308067% 


(0%3%9%5- 


603161471 


80%392/572 


00+ 30000" 0 


00+ 30000" 0 


00+30000" 0 


00+ 30000 ° 0 


80+ 39561* 2 


0 - 


L0*3969L'£- 


016 


80* 39246" 2- 


L0+ 3322S" e- 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000 ° 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


600٦ 


80* 339216" 2- 


11+31020`1 


60+ W628" e- 


01+326£6" b 


60*30,80' € 


Х14 19% 553433115 


00*30000'0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


80+ 39215" 2 


L0* 392,6" 2- 


60+ 31628" 2- 


80* 352 t$" T 


60+ 30480" E- 


80+ 32380" 1- 


00+ 30000 ° 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000°0 


00+ 30000" 0 


01+366۷ 


60*30L80'E- 


0086 


60%30/8075 


00+ 000070 


00*30000' 0 


00*30000' 0 


00*30000'0 


00*30000' 0 


00+ 30000" 0 


60+ 3080" € 


80432982” 1- 


60+ 30180" E 


80» 3298271 


Y Y S а а x £ Y 
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KNOWN VALLES: & OF SYSTEM BLOCKS 


51: | -1000 lbs 
M] z Qie(LisL2* 3418) = -T9000 [MLBS 
Qo = MO z Q3 = M3 = 84 = 4 = МУ 0 

65 = 1000 ibs 


al = thi= 0 


SOLVET UNENONNS : 
qez 0.0000573372 in 
the 0,0000020651 rad 


-B] 


03  0.0002257936 1n -3006 .328 7602 


th3. 0.000021 9894 rad 


" 
n 


Bc 


-42554.1390475 


04 0.0005554071 іп -30379.2%262 -97344.020772 


thd 0.0000401072 rad 


05 000020 -82407.123554 


thS — 0.000016568 ۷ 


-47253.569633 


K (BEND HORIZ) FOR 1 5ПЕ ВОСК = 1867737.583 (٥ 1867.7375583 KIPS/IN 


مہ سا ھک ہہ | u‏ 


ee A CA че Чл «р ee eee‏ س س جت ee ee Oe eee ee ee ee ee‏ و یود س و وھ چ مود 


K (BEND HORIZ) ALL SIDE BLOCKS =  C2016063.374 lbs/in 28016.063374 KIPS/IN 


Pp———————————Ó— E SO A ee a — И e eee 


Фә =" ео ею ею ею G G 4 Ф ен cue PE Eb = um m mn A cue مت‎ cue db Eb eu Eb dE Da Dm GE dE mund ie e AA AER CUR Re HEP MP A A فعہ ہے‎ ж» G. G v v s v dE «ше um EP dE cum «ке o ow == 


TOTAL SIDE BLOCK HORIZONTAL STIFFNESS COEFFICIENT CALCULATION: 
5٦5۶ El 


meom — жь в 1 = å l > 5 == ee eee Eee A E E O ыз ш. Шы = = — w — — — = A 


Khs (SIDEBLOCK HORIZONTAL STIFFNESS! = P/(BENDING DISPL + SHEAR DISPLACEMENT) 


Khs = 63.53 KIPS/IN (PER BLOCK) 


Khs z 950.96 KIPS/IN (ENTIRE SIDE BLOCK SYSTEM) 


——— AQ .- Eb Eb өш» cum dumis eum cum س سس کیت ت ھچ‎ e e A A AD یه هھ ته‎ ӘР ЧИР ЧИР ә کہ‎ == 4 um amm ee Seo ee که‎ owes oe 
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Da Sse ee eee ee SS = چ‎ 


= zz. яр «т» ж کس ےہ ب‎ “s e e e 





3. 
4. 
°: 


APPENDIX 3 


57 5٣ 6-0۰٣۱۰۱۰۰۲۰٦٢ ۶ 706 Table 

XEL, QD, KU, and KD Values for Bilinear Douglas 
Fim Caps 

BASIC Bilinear Stiffness Program Listing 
“SDOEFRUB os tem 1 Output File 

"3DOFRUB" System 1 Input Data File 


194 





ZIZ OLET 9/2 — 6k6h'0  66"9€ZS O'OSP  00'O9LS CBI LITE v9'€O[Z 9001 76577566 076 0070976 856569 EZ'OL9E KALI 0" 10521 0°06 ۰ ۴۲۴ 


— 
— 





01 6(9°16С1 66°6(9С 6ӨКК0О 6070089 0058: — O0'GebL GFE'LUUR CL WELC. OST 96° 5299 0'0€6 — O0'0G 0L 8576559 CZ'OL9C ӨСІ 9°`/9S/[ 0'0€6 — O0'99LCC ot 
о шта ۲٠۴۰١۱۹۹۲ 9006'0 157679 006: 00"0096 9667955 98ҢЕК 180601 59705 0'0t6 — 00'0096 74779178 8% 1099 9021  К05077 07056 — O0'9CECH 6 
Х 6161259 СЧӨЮІ pE09%0  LI*LbLIZ O"0Sh  00*09162 OP*ISSHI 647214. 5991-5095 0°0E6 00709162 5506675 0° 9652 9000°1Т К.994 0075) 0099901 9 
L 09°96 10041 К090 5621582 0:06: 0077С09( OS'8L06| Fh"ENZOl S290*T 206061 0'0€6  00*2€28€ Sh*066Z€ 50759657 9,0210 5994 055 007199901 L 
7 VWCSISCI SS'(PL07 £090 — LO'LLOCP O'OSR — OO'CL9LS bh'6LL8C L6' [Sk S[ S790 ] РГ" 26292 0" 086 — 00721915 Sh'0662€ SO'S96SZ 90.21  w'C896L 0'0€6 — 00° 9880I 9 
5  cO'GC[(( 89'FCST OSEL'O à T8'S6[€ O'OSP 000225 15972952 ІСӘПІ ІСІ 95° 0602 0%6 — O0'077S LO'0600[ 7Z'89LO7 90,.8'0  l'CZC6S 0'0€6 0008556 $ 
Һ 8008011 89" FEST OSCL'O 18616 0568 0070045 L68'78SC [O'9([[. PhIC'Z 9%5%502 06 0070005: 6676М/01 75009 ЖӘГІ 650/080 006 (00856 Y 

« [vO HORT FO" L967 (9090 95819 0'OSR —00'7SCB ӨРӘ" СЕТЬ C9'£S[Z VSI6'T — 62'SS0$ 0056 — O0'7SEB 6С" 65201 Р" 209 9S9L'| S’SLEBT o't 0070856 t 
v 8٥'١٥) EG APIE LE'O 9175 0658 000% 858° 1602 24° 99601 КЕСІ 00516 00066 — O0'07EP L0*86081 22'89L0Z 90L8'0  1'EZZ6S 0'0£6 00-055 C 
v 99€'79CC 41909 91540 6£*ETTOL 0۰09٢ O0'ZGEg cog9'L[Ig» 96'7[9€ FEEE*I  El*SZ8S o'0€6  00*25€8 70796081 (7 08/00 904870 17577665 0'0€6 000856 I 

(159) (ISd) (Ф.М) (15d) (2.81) 
(540) (MI/SITD (NI) (N[/SHDO IRUT dOld. (Z.NI) (340 ($40 (QUO). QU/SdDO URUT dod. — Var — (Sd[M) (QU/SSOD.— (QU). CHEST IRE 054 ۴۲ 0 


50 них TI SAN usa vara) 200 ZUM СШ SQ اذ‎ ا٦25‎ 402658 10 м IT ED — 30 349 "LAOO TIN 4515 


Ae A ome ———- == = ----- -=_e m n [m — = = ч= = ж з RP www ec ww wm wm we wwe we KF aaa aa a S TRR oe = — 
= ч= == == o = 


sde) 2143 5е1Бпоа леэчттта 103 SSINIILAS WILLKA IOON MIS = € 
santeA Gy pue “NA “ад '"'I3X 553441145 1۷۸۷۷۱80۷ (م٣3‎ 3115 ۶ 
55344145 1۷۸۸۷۶1508 ТАЗИ = 1 “салта 00 


СН  L6'LSSE SS LIGET BL'LOSLI GE'ZSPZ 66925 [T° PGT 
59607 975799 5501661 847/8541 0179916 6070099 ("201 
116092 59285 0 56705022 555908: 576298: 6170557 
95° 09 SE’ OST GE'GILES PH CBL (066211 27/12 0270428 
08" 9488 2° 06061 6C'OlLES Њ" 8962 6° 29001 56721582 02704260 
LU°SHEET Р" 2608 6° 91265 РЬ ' 8962 25° 69222 107 ПОС 02704260 
55:16 95° 2602 98" FErB€ 90° С2265 СГ" 1991 19° 561 Р" 90999 
55° 196 9S'L60€ [L'6F8CC Sb'SLOBC El* 1991 1[9°5616 6 
9881 62°560% [L*6r8ZZ 565: 5/080 251176 95°8119 6976161 
ЕСІМНІ (95%16- 9 ЕКЕ 0027266 (072002 9071625 PL BOGOF 
7012 6175285 99۰۲۲٢۱9 00° С265 695008 - 6СЕПОІ М.0089% 


ст о ~ 
= — 


HK NO TFWM O C CO 


SOATAVSG OMIADOO 434 (ТІ-І) 5432515 МҮЗМІЛІӨ8 
М(/5413 55333145 4314 MIS ANY TIIN IIOL 


ortdeL SSƏUJJTIS ТТ-Т Шэ354$ 
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10 


40 
50 
60 
70 


BASIC Bilinear Stiffness Program 
Listing ° % e. © % % % Ф % ° o 0 e 


SCREEN 0: MIDTH $0 کیا‎ и en БК АИ 
CES 5 تہ ' لہ‎ re Du 
PRINT ыыы ыыы ыыы ЫЫЫ 


PRINT:PRINT ٠ **xxSHIP DRYDOCK BLOCKING SYSTEMxxx 
PRINT:PRINT "  *xx*xTRANSVERSE RESPONSE ASSUMING BILINEAR BEHAVIOR*»x*x 
PRINT:PRINT "  xxxxUSING TIME AND ACCELERATION INPUT DATA*xxx":PRINT 


BD ” 


90 


PRINT یر در‎ KECE ok x x x xxx xxx xxx kx xxx xxx ok kk kk kkkxkxxkxxkkkkkkkkkkkxux 


100 ” 


110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 


қ *INITIALIZATIONx 

DIM F(4001),UDP(4001) 

C$=" اخ‎ BER BERR, EBER” 

AS=" BERB. RER ИЕНЕВНЕН ВК” 

D$-"Wüsuuu. Hg HiipuHuuu, HHHN. HHHHHHY, HENM. ЕНЕННЯН ЯНЕК НЕВЕ ШИИНИН " 
БЕГИ" ***DATA FILE INFORMATION***" ; PRINT 

PRINT “ 1. PREPARE NEW DATA FILE”: PRINT 


PRINT “ 2. MODIFY EXISTING DATA FILE”: PRINT 

PRINT " 3. USE EXISTING DATA FILE":PRINT 

INPUT | SELECT NUMBER";NN 

PRINT. INPUT “ DRIVE USED FOR DATA FILES (A:,B:,C:,D:,E:,F:):";ABC3 
INPUT " FILE NAME ( OMIT DRIVE LETTER )";F4$ 

FA$-ABC$«F43 

INPUT " DOES YOUR COMPUTER HAVE A GRAPHICS BOARD (Y/N) ^"; GR$ 

CLS 


ON NN GOTO 290,370, 460 


280 


290 
300 
310 
320 
330 
340 
350 


GOSUB 580:’ CALL SUBROUTINE “INPUT DATA” 

GOSUB 8980:' CALL SUBROUTINE "PRINT DATA" 

GOSUB 1080:' CALL SUBROUTINE "STORE DATA" 

GOSUB 1220:' CALL SUBROUTINE "CALCULATE RESPONSE" 
IF GR$-"N" OR GR$-"n" THEN СОТО 520 

GOSUB 5310: 'CALL SUBROUTINE "PLOT" 

GOTO 510 


360 ” 


370 
380 
390 
400 
410 
420 
430 
440 


GOSUB 4860:' CALL SUBROUTINE "RECALL DATA" 

GOSUB 5060:' CALL SUBROUTINE "MODIFY DATA" 

GOSUB 890 :' CALL SUBROUTINE "PRINT DATA" 

GOSUB 1080 :' CALL SUBROUTINE "STORE DATA" 

GOSUB 1220 :' CALL SUBROUTINE "CALCULATE RESPONSE" 
IF GR$2"N" OR GR$-"n" THEN GOTO 520 

GOSUB 5310: 'CALL SUBROUTINE "PLOT" 

GOTO 510 


450 ' 


460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 


een 


GOSUB 4860:' CALL SUBROUTINE "RECALL DATA" 

GOSUB 890 :' CALL SUBROUTINE "PRINT DATA" 

GOSUB 1220 :' CALL SUBROUTINE "CALCULATE RESPONSE" 

IF GR$-"N" OR GR$-"n" THEN GOTO 520 

GOSUB 5310: 'CALL SUBROUTINE "PLOT" 

LOCATE 23,2 

PRINT "PRESS ANY KEY TO":PRINT "RETURN TO THE BILINEAR PROGRAM" 
A$-INKEY$ : IF A$-"" THEN 530 

CHAIN ABC$+"BILINEAR  ",10 


END 
ARRANCA ox X o c اد‎ 2555535 3535 


, 


CLS:' SUROUTINE "INPUT DATA" 

PRINT " INPUT THE FOLLOWING DATA: ":PRINT 

INPUT "SHIP/SUB BLOCKING SYSTEM: ";SHIP$ 

INPUT “EARTHQUAKE ACCELERATION USED: ";QUAK$ 

INPUT " NUMBER OF POINTS DEFINING THE EXCITATION NE=";NE 
INPUT “ MASS (KIPS/IN/S^2) M=";M 

INPUT " SPRING CONSTANT 1 (KIPS/IN) KU="; KU 
INPUT " SPRING CONSTANT 2 (KIPS/IN) KD=";KD 
TDIP " NAYD TAI" ПАСССТЯПТСИМТ п.м 
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e‏ ہے 


870 


888 


700 
710 
720 
730 


750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1280 
1270 
1280 
1290 
1300 
1310 
1320 


4614 ы д AZ 4 Aa 44 Зы der dh $8 Ne A ui ده‎ 


- 


INPUT STEIN INTEGRATION (SEC) ee MA 
INEST 7 BSREBIBAP CRAT QQEEURCT,E Pos. crecen e dp چ‎ 
INPUT " AREA OF APPLIED.FORCE- (IN^9) سو --.-2-,-.-...- مآ‎ P E 
G=0 

INPUT "X DISPLACEMENT PLOTTING MAX AMPLITUDE (IN) :";DD 


INPUT “MAXIMUM RUN TIME OF EARTHQUAKE ACCELERATION INPUT: ";TT 
INPUT “ ARE THE ABOVE VALUES CORRECT Y/N"; YN$ 
IF YN$="N" THEN GOTO 280 

CLS :PRINT 

PRINT: PRINT 

INPUT “ INPUT THE NAME OF ACCELERATION DATA FILE YOU WISH TO USE: “, АССЕЗ 

OPEN ACCE$ FOR INPUT AS #1 

PRINT " ACCELERATION FILE BEING READ ... " 

FOR I=1 TO NE 

INPUT 81,F(I) 

NEXT I . 

CLOSE $1 

PRINT " ACCELERATION DATA FILE INPUT COMPLETE * 


RETURN 
82222222222222222222222222222229222222999292222222?2222222292222922929 299222. 


CLS: 'SUBROUTINE "PRINT DATA" 


PRINT:PRINT " x**SHIP/SUB DRYDOCK BLOCKING SYSTEMxxx DATA FILE: ";F4$ 
PRINT: PRINT š ***RESPONSE FOR BILINEAR BEHAVIOR***": PRINT 

PRINT INPUT DATA: ": PRINT 

PRINT " SHIP/SUB DRYDOCK BLOCKING SYSTEM: ",SHIP$ 


PRINT " EARTHQUAKE ACCELERATION TIME HISTORY USED: ^;QUAK$ 
PRINT " NUMBER OF POINTS DEFINING THE EXCITATION NE=";NE 
PRINT " MASS (KIPS/IN/S^2) Mz";M 
PRINT " SPRING CONSTANT 1 (KIPS) KU=" 
PRINT “ SPRINT CONSTANT 2 (KIPS) KD=" 
PRINT " DAMPING COEFFICIENT pco 
PRINT " TIME STEP INTEGRATION (SEC) 
PRINT " REST. FORCE AT O DEFL. W/POS. VEL (KIPS) 
PRINT " HORIZONTAL CONTACT AREA (IN^2) 

PRINT " SPRING PROPORTIONAL LIMIT (KIPS/IN^2) 
PRINT " THE DISPLACEMENT PLOT UPPER LIMIT (IN) DD=" 
PRINT " THE RUN TIME LIMIT (SEC) TTS ` 
RETURN 

کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کک کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کے کک ےک کے 
'SUBROUTINE "STORE DATA"‏ 

IF NN«»2 THEN 1130 

INPUT " INPUT THE NAME OF THE MODIFIED DATA FILE: ^,MD$ 

F4$-ABC$+MD$ 

OPEN F4$ FOR OUTPUT AS «1 3 

WRITE *1,SHIP$,QUAK$, NE, M, KU, KD, C, H, QD, P, A, DD, TT 

FOR I=1 TO NE 

WRITE 81,F(I) 

NEXT I 

CLOSE 9*1 


RETURN 
?!^*X*XXXXXX Xxx xXx XxXxXxXxXXXxxxxxxxxxxxxxxxxxxxxxxxxxxkxxxxxxxxxxxkXxXxkxkkxkxxxxsxtkkx 


, 


'SUBROUTINE "CALCULATE RESPONSE" 


, 


: *INITIALIZATION* 
"UD 
"UV 
"UA 


, 


eo we 


Ba 


о> бо 

"и"! 

° 2: 2; +° 
0-۰ we "o e. о 


ee 


we we 


= 
3 


TRANSVERSE RELATIVE SHIP CG DISPLACEMENT WITH DRY DOCK BOTTOM 
TRANSVERSE RELATIVE SHIP CG VELOCITY WITH DRY DOCK BOTTOM 
TRANSVERSE RELATIVE SHIP CG ACCELERATION WITH DRY DOCK BOTTOM 


, 


UD=0 :UV=0 :UA=F(1)/M 
F(0):0 
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1330 
1340 
1350 
1380 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1480 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1810 
1620 
1630 
1640 
1650 
1660 
1870 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1880 
1800 
1810 
1820 
1830 
1840 
1850 
1960 
1970 
1980 


- x i Е - 
جج ہے‎ л В - Le MI ut جم‎ 
= Pest o». pr nt a. کے‎ u en ten 
نے وم‎ - == ` "e 


72. 


THE TOTAL. NUMBER QOF DATA POINTS = NBEa f Ze 0. 


, 
ә 
7 
, 
, 


, 


NT=NE 
N1T=NT+1 
ANN=0 
NM1=NT-1 


, 


’Al,A2,A3,A4 ARE COEFFICIENTS FOR THIS FORM OF NUMERICAL SOLUTION 


А1=3/Н : А2=6/Н : АЗ=Н/2 :А4-6/Н72 


*XEL IS THE ELASTIC LIMIT (PROPORTIONAL LIMIT) FOR THE BLOCKING 
"SYSTEM IN INCHES. 


XEL=P*A/KU 


, 


'KY IS A LOCATOR. 


"WITH BILINEAR BEHAVIOR THERE ARE 5 POSSIBLE LINES THE RESISTANCE 
"VERSUS DISPLACEMENT RESPONSE CAN BE ON AS FOLLOWS: 


'THE INITIAL SLOPE BEFORE ANY PLASTIC DEFORMATION, 
* THE TOP PLASTIC LINE, 

* THE RIGHT ELASTIC LINE, 

"THE BOTTOM PLASTIC LINE, 

"THE LEFT ELASTIC LINE, 


'KY=O INDICATES THAT THE RESPONSE IS STILL IN THE INITIAL 
"ELASTIC REGION AND HAS YET TO GO PLASTIC. 


'KYz1 INDICATES THAT THE RESPONSE IS NOW ON THE TOP PLASTIC 
"LINE OR THE RIGHT ELASTIC LINE. 


'KY--1 INDICATES THAT THE RESPONSE IS NOW ON THE BOTTOM PLASTIC 
'LINE OR THE LEFT ELASTIC LINE. 


KY=0 
"РК IS THE CURRENT HORIZONTAL STIFFNESS AT TIME T 
PK=KU 


'XMAX IS THE HORIZONTAL DISPLACEMENT AT THE POINT VELOCITY 
'GOES FROM POSITIVE TO NEGATIVE AND SHIFTS FROM THE TOP 
'PLASTIC LINE TO THE RIGHT ELASTIC LINE. 


'XMIN IS THE HORIZONTAL DISPLACEMENT AT THE POINT VELOCITY 
'GOES FROM NEGATIVE TO POSITIVE AND SHIFTS FROM THE BOTTOM 
’PLASTIC LINE TO THE LEFT ELASTIC LINE. 


* THESE VALUES ARE INTIALLY SET TO ZERO 


, 
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В 
“2090 - 
2040 
2050 
2080 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2180 
2170 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2280 
2270 
2280 
2290 
2300 
2310 
2320 
2330 
2340 
2350 
2360 
2370 
2380 
2390 
2400 
2410 
2420 
2430 
2440 
2450 
2480 
2470 
2480 
2490 
2500 
2510 
2520 
2530 
2540 
2550 
2560 
2570 
2580 
2590 
2800 
2610 
2620 
2630 
2640 


^g? 


y 


= : 
* . 2... » е 2 ا‎ > a = e E 
2 7 ص‎ . a аы © ` a алт» 


° ъз Ф 59 ` 
zu Neue en! a $ Mte MT еее s е» к ex 3. 
è - a - ` wm - .- 

- - 


E Oc 


7 
4 
4 


- = > ñ 


, 


f$-"TIME-DISPLACEMENT RESPONSE" 
11=1 


, 


v 
T4 aer Жз ы ==» aee — = 2 X 


, 


, 


"AN OUTPUT FILE IS NOW CREATED. THIS INCLUDES TIME, DISPLACEMENT, 
'VELOCITY, ACCELERATION, AND RESISTANCE OF THE SHIP IN THE 

* TRANSVERSE (HORIZONTAL) DIRECTION RELATIVE TO THE BOTTOM OF 

"THE DOCK. RESISTANCE IS THE RESISTANCE AGAINST DEFORMATION AND IS 
’DEPENDANT ON THE LOCATION ON THE RESISTANCE VERSUS DISPL. PLOT. 


, 


, 


PRINT:PRINT:PRINT 

INPUT " INPUT NAME OF OUTPUT FILE: ",ACNEW$ 
OPEN ACNEW$ FOR OUTPUT AS #2 

PRINT “WAIT!!! OUTPUT FILE BEING CREATED ----- 
T=0 


, 


, 


'RR IS THE VALUE FOR RESISTANCE AT TIME T (INITIALLY SET AT O) 


, 


'INITIAL VALUES ARE WRITTEN TO THE FILE BEFORE THE LOOP STARTS: 


WRITE 82,T,UD,UV,UA,RR 


'ZY,ZZ,WY,WZ ARE LOCATORS SET TO ZERO HERE. THEY WILL BE 
* DESCRIBED WHEN THEY ARE USED LATER. 

ZY=0 

27-0 

WY=0 

WZ=0 


'THE BEGINNING OF THE NUMERICAL SOLUTION LOOP: 
FOR L=1 TO NT 


'TIME T = THE TIME STEP TIME THE LOOP € 


, 


T=H*L 


, 


'BK IS THE CURRENT EFFECTIVE STIFFNESS 


, 


ВК=РК+А4*М+А1*С 


, 


'DFB IS THE DIFFERENTIAL FORCE AT TIME T 


, 


DFB=(F(L+1)-F(L))*M+(A2*M+3*C)*UV+(3*M+A3*C)*UA 


'DUD IS THE DIFFERENTIAL DISPLACEMENT WHICH IS THE 
'DIFFERENTIAL FORCE DIVIDED BY THE CURRENT EFFECTIVE STIFFNESS. 
DUD=DFB/BK 


p Arr "opm سو وپ ےپ ہے ہج و و رچھ‎ F 29% corse MM SF s? 
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2680 
"2870 
2880 
2890 
2700 


= == == . = aw ~ 


° ғ 
4 т ° T т 


2710” 


2720 


2730 ° 


2740 
2750 


2760 ' 


2770 


2780 ° 


2790 
2800 
2810 
2820 
2830 
2840 


2850 ° 


2860 
2870 
2880 
2890 
2900 
2910 
2920 


2930 ' 


2940 
2950 
2960 
2970 
2980 


EE TCE E "à A е: 18 

DVU- =3*DUD/H- 3۶۷7 10۸/9 ` es d BL v iu. S A ty x ER 
Р m s е : 

^THE NEW UD IS THE PREVIOUS DISPLACEMENT PLUS THE DIFFERENTIAL 
"DISPLACEMENT. 
UD=UD+DUD 
"THE NEW UV IS THE PREVIOUS VELOCITY PLUS THE DIFFERENTIAL 
"VELOCITY. 
UV=UV+DVU 
KEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE 
* THIS IS WHERE THE LOGIC OF HOW THE RESPONSE WORKS AROUND 
'THE RESISTANCE VERSUS DISPLACEMENT PLOT BEGINS *«**% 
EERE EEE EEE EEE EE EEE EERE EERE I 5555555 
’THE FIRST THING TO CHECK IS WHETHER OR NOT THE RESPONSE IS 
*STILL ON THE INITIAL ELASTIC LINE. IF NO PLASTIC DEFORMATION 
'HAS OCCURRED THEN KY-O. THE SLOPE OF THE RESISTANCE VERSUS 
'DISPLACEMENT CURVE SHOULD BE "KU" GOING THROUGH TRE ORIGIN. 
IF KY<O THEN 4040 


2990 ' 


3000 
3010 
3020 
3030 
3040 
3050 


3060 ' 


3070 
3080 
3080 
3100 
3110 
3120 
3130 
3140 
3150 
3160 
3170 
3180 
3190 
3200 
3210 
3220 
3230 
3240 
3250 
3260 
3270 
3280 
3290 
3300 
4310 


IF КҮ>0 THEN 3480 

RR-KU*UD 

PK-KU 

'THE NEXT CHECK IS TO SEE IF THE RESPONSE HAS GONE PLASTIC. 
'IF THIS OCCURS, USING BILINEAR BEHAVIOR, THE NEW RESISTANCE 
'VERSUS DISPLACEMENT CURVE WILL HAVE A SLOPE OF KD WITH A 
'RR INTERCEPT OF EITHER PLUS QD OR MINUS QD. QD IS AN INPUT 
"AND IS MATERIAL DEPENDENT. 

'IF THE DISPLACEMENT IS LESS THAN -XEL OR MORE THAN +XEL 
'THEN THE RESPONSE HAS GONE PLASTIC. 

'IF NOT, THE LOOP IS COMPLETED AND OUTPUTS FOR TIME T ARE WRITTEN 
"TO THE-OUTFUT FILE. 

IF UD>-XEL AND UD<XEL THEN GOTO 4720 


, 


'IF THE LOOP GOES HERE IT MEANS THAT THE RESPONSE IS NOW PLASTIC 
'ON THE TOP OR BOTTOM PLASTIC LINE. 


IF UD«-XEL THEN GOTO 4040 


, 


'IF THE LOOP GOES HERE THEN THE RESPONSE IS ON THE TOP PLASTIC LINE. 
KY=1 

PK=KD 
RR=KD*UD+QD 


"WWW, YYY, ZZ ARE LOCATORS IN THE LOGIC. IT IDENTIFIES THE 
RESPONSE SO IT KNOWS IT IS ON THE TOP PLASTIC LINE. AT THIS 
‘POINT ALL OF THESE VALUES ARE SET TO ZERO. 

WWW =O 

YYY=O 
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3320 


3330 
3340 


9350 
3360 
3370 


3380 ’ 


3390 
3400 
3410 
3420 
3430 


3440 ” 


3450 
3480 


3470 ' 


3480 


11-0 Е 2$ o inm 
№. 

' THE LOOP IS COMPLETED АТ THIS POINT ino ye SorPOt IS BRITTEN . 7 

"TO THE OUTPUT “FILE” ` Wen 

GOTO 4720 

‘THE LOGIC NOW SEES A KY-«1. ON THE NEXT LOOP THE LOGIC WILL 

'DO A VELOCITY CHECK. THAT IS THE NEXT STEP HERE. IF THE VELOCITY 

‘SHIFTS FROM POSITIVE TO NEGATIVE THE RESPONSE SHIFTS FROM THE 

‘TOP PLASTIC LINE TO THE RIGHT ELASTIC LINE. 

'IF THE VELOCITY DID NOT GO NEGATIVE THEN THE LOOP RETURNS TO 

'THE TOP PLASTIC LINE EQUATION. 

IF UV»0 THEN GOTO 3720 


3490 ° 


3500 
3510 
3520 
3530 
3540 
3550 
3560 
3570 
3580 
3590 
3800 
3810 
3620 
3830 
3840 
3650 
3680 
3870 
3680 
3890 
3700 
3710 
3720 
3730 
3740 
3750 
3760 
3770 
3780 
3790 
3800 
3810 
3820 
3830 
3840 
3850 
3860 
3870 
3880 
3890 
3900 
3910 
3920 
3930 
3940 
3950 
3960 
3970 


'IF THE RESPONSE JUST CAME FROM THE TOP PLASTIC LINE YYY=0. 
'OTHERWISE IT IS ALREADY ON THE RIGHT ELASTIC LINE. THIS YYY 
"CHECK IS USED TO DETERMINE THE VALUE OF XMAX. WHICH IS THE 

* THE MAXIMUM HORIZONTAL POSITIVE DISPLACEMENT WHEN THE VELOCITY 
"SHIFTS FROM POSITIVE TO NEGATIVE. 


, 


IF YYY>0 THEN GOTO 3830 
'IF THE SHIFT FROM THE PLASTIC LINE TO THE ELASTIC LINE JUST OCCURRED, 
” THEN XMAX IS ASSIGNED THE VALUE OF THE CURRENT DISPLACEMENT. 
'OTHERWISE XMAX WILL RETAIN THE VALUE OF THE PREVIOUS MAXIMUM VALUE. 
22-00 

2062! 

XMAX=22 

"ТНЕ NEXT CHECK IS TO DETERMINE WHEN THE RIGHT ELASTIC LINE SHIFTS 
"TO THE LOWER PLASTIC LINE. THIS OCCURS WHEN DISPLACEMENT 

' DECREASES TO THE POINT IT BECOMES LESS THAN THE XMAX VALUE BY 

' TWO TIMES THE VALUE OF XEL. THIS VALUE WAS DERIVED AND WAS 

' VERIFIED IN BIGGS BOOK ON STRUCTURAL DYNAMICS (1964). 


, 


IF UD<(XMAX-2*XEL) THEN GOTO 4040 

'THE NEXT CHECK IS TO SEE IF THE RESPONSE SHIFTS BACK TO THE TOP 
'PLASTIC LINE IF THE VELOCITY SHIFTED WHILE STILL ON THE RIGHT 
'ELASTIC LINE AND WENT BACK UP THE LINE AND EXCEEDED THE VALUE 
"ОЕ ХМАХ. 


, 


IF UD>XMAX THEN GOTO 3220 
"THIS NEXT CHECK IS A LOCATOR. IF YYY=0 THEN THE LOGIC RETURNS 
' THE LOOP TO THE TOP PLASTIC LINE. 


IF YYY=0 THEN GOTO 3220 


'IF YYY IS NOT ZERO THEN THE LOGIC SEES THE RESPONSE AS ON THE 
'RIGHT ELASTIC LINE. IT ASSIGNS THE RESPONSE AGAIN TO KY=1. 
"ALL THE EQUATIONS OF "RR- " ARE THE VALUES OF THE RESISTANCE 
"AT THAT POINT ALONG THE RESPONSE PLOT. 

KY=1 

PK=KU 

RR=KU *UD+( KD-KU) *XMAX+QD 

’THE LOOP IS AGAIN ENDED AND THE OUTPUT RECORDED. 

GOTO 4720 


zuo 
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ew30 ° 


9809 
Addo 

16709 
4020 
4930 
4040 


- - 


, МЕ 4 - z ë 
lx гй» s $i. m TI ыы 


» EE eT 


"THIS NEXT CHECK NAS "ARRIVED ر‎ AT. THEN THE DISPLACEMENT МАБ LESS => > 
‘THAN XMAX MINUS TWO TIMES XEL.- “IF THE VELOCITY SHIFTS POSITIVE >- 


4050 °’ 


4060 
4070 
4080 


4090 ” 


4100 


4110 ’ 


4120 
4130 


4140 ' 


4150 
4180 
4170 


4180 ' 


4180 
4200 


4210 ' 


4220 
4230 


4240 ' 


4250 


izo * 


4270 


4280 ” 


4290 
4300 
4310 
4320 
4330 


4940 ' 


4350 
4360 
4370 
4380 


4350” 


4400 
4410 
4420 
4430 
4440 
4450 


4480 ' 


4470 
4480 
4450 
4500 


4510 ° 


4520 


4530 ” 


4540 
4550 
4550 
4570 
4580 


4590 ' 


4600 


4610 ° 


4620 


"HERE A LATER CHECK KILL DETERMINE A VALUE FOR XMIN 

IF UV»O THEN GOTO 4350 

"THE ONLY WAY ==] IS IF THE RESPONSE WAS LAST ON THE LEFT 
"ЕТАӨТІС ІЛМЕ. THIS CHECK IS IN CASE THE RESPONSE STAYS ELASTIC 
"AND STAYED ON THE SAME LINE. 

IF WaW=1 THEN GOTO 4250 

"THE LOGIC NOW SEES THE RESPONSE AS ON THE BOTTOM PLASTIC LINE. 
KY NOW BECOMES KY=-1. 

KY=-1 

PK=KD 

RR=KD*UD-QD 

'UUU AND WZ ARE SET TO ZERO TO IDENTIFY THE RESPONSE AS BEING 
'CURRENTLY ON THE BOTTOM PLASTIC LINK. 

UUU =0 

WZ=0 

*THE LOOP IS ENDED HERE AND THE OUTPUT RECORDED. 

GOTO 4720 

IF UUU IS NOW FOUND TO BS GREATER THAN ZERO, THE LOGIC KNOWS THAT 
"TREAT THE RESPONSE IS ALREADY ON THE LEFT ELASTIC LINE AND XMIN 
"BAS ALEEADY BEEN ASSIGNED A VALUE. IF 000=0 THEN THE CURRENT 
"VALUE OF UD IS ASSIGNED TO XMIN. 

IF UJU>O TEEN GOTO 4370 

н2-00 

UDU=1 

XMINZWZ 

"NOR WITH THE VALUE OF XMIN KNOWN THE VALUE OF DISPLACEMENT IS 
’CHECKED AGAINST er UPPER LIMIT OF THE ELASTIC LINE WHICH IS 

‚ ИМ PLUS TWO TIMES XEL. IF IT IS GREATER THAN THE LOOP RETURNS 
"TO VH& TOP PLASTIC LINE. 

IF UD>(XMIN+2xXEL) THEN GOTO 3220 

'IF TEE VALUE OF UD IS LESS THAN XMIN THAT MEANS THAT THE VELOCITY 
'SHIFTED BACK TO NEGATIVE WHILE ON THE LEFT ELASTIC LINE. 

"ONCE IT GOES LESS TRAN XMIN THAT THE RESPONSE SHIFTS TO THE BOTTOM 
'LINE AGAIN. 

IF UD<XMIN THEN GOTO 4150 

“THE LOGIC NOW RECOGNIZES THAT THE RESPONSE IS ON THE LEFT ELASTIC 
' LINE.  WW"uz1 IS A LOCATOR FOR THIS LINE. 

۳-1 

RR=KUxUD+(KD-KU)*XMIN-QD 

PK=KU 

' THE LOOP IS COMPLETE AND THE OUTPUT VALUES ARE RECORDED. 

GOTO 4720 


4630 ° 


sA sA 
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Е 7 NE NEN جج‎ ou rm. 
ооо لت روہ عم تو‎ ан mn 
$70: . E - - PEL та қ Е `... ar —: pr S ےر‎ 
4680 ‘NOW ACCELERATION IS CALCULATED FOR THE APPROPRIATE POINT ON THP ` ` QU 
4680 'RESISTANCE VERSUS DISPLACEMENT PLOT, AND THE OUTPUTS ARE 
4700 'WRITTEN TO THE OUTPUT FILE. 


4710 

4720 UA=(F(L+1)*M-CxUV-RR) /M 
4730 ” 

4740 WRITE #2,T, UD, UV, UA, RR 
4750 ’ 


4780 'x*xxxxxX*XxxXxxxxxXxxxxxkkx&xxXxxxkkxxkxxxxxxxxkxxxxxxxxxxxxxxxxsxstsxxkk 
4770 ’ 

4780 'UDP(L) ARE THE VALUES OF DISPLACEMENT AT EACH TIME T WHICH IS USED 
4790 'IN THIS PROGRAMS PLOTTING ROUTINE. 

4800 ' 

4810 UDP(L)=UD 

4820 ' 

4830 ’END OF THE LOOP ¥ ¥ ¥ ¥ ¥ 

4840 ' 

4850 NEXT L 

4880 CLOSE #2 

4870 ' 

4880 ’ 

4890 ' 

4900 PRINT " PRESS ANY KEY TO CONTINUE” 

4910 AS-INKEY$ : IF A$-"" THEN 4810 


4920 RETURN 
4930 OA KEELE EEE KOE E OK E O AAA AAA 


4940 ' KEKE KEK KOK OK KOK OK DC KC KC CK OKC DK OK OK OK E OK O KC OK KC CK ЖЖ ЖЖ E OK O E OK E O DK E OK KK kK OK kk 


4950 ' 
4960 CLS: 'SUBROUTINE "RECALL DATA" 
4970 PRINT "WAIT!!!! INPUTING PREVIOUS DATA FILE ----- a 


4980 OPEN F4$ FOR INPUT AS #1 

4990 INPUT $81,SHIP$,QUAK$, NE, M, KU, KD, C HL, QD, P, A, DD, TT 
5000 FOR I=1 TO NE 

5010 INPUT #1, F(T) 

5020 NEXT I 

5030 CLOSE #1 

5040 RETURN 

5050 ' 

5060 CLS: 'SUBROUTINE "MODIFY DATA" 

5070 PRINT "NUM POINTS DEFINING THE EXCITATION NE-";NE 
5080 INPUT "NEW VALUE: *NO CHANGE: PRESS ENTER* NE=";I$:IF I$«»""THEN NE-VAL(I$ 


) 


5090 PRINT "MASS M="; M 

5100 INPUT "NEW VALUE: *NO CHANGE PRESS ENTER* M="”;Q$%:IF Q$«»""THEN M-VAL(Q$) 
5110 PRINT "SPRING CONSTANT 1 KU =";KU 

5120 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* KU-";Q$:IF Q$«» "THEN KU-VAL(Q$) 
5130 PRINT "SPRING CONSTANT 2 KD =";KD 

5140 INPUT “NEW VALUE *NO CHANGE PRESS ENTER* KD=";Q8: IF Q8<>" "THEN KD=VAL(Q$) 
5150 PRINT "SPRING CONSTANT 2 KD =";KD 

5180 PRINT "DAMPING COEFFICIENT c=";C 

5170 INPUT “NEW VALUE *NO CHANGE PRESS ENTER* C=";Q3: IF Q$<>"“ "THEN C=VAL(Q$) 
5180 PRINT "TIME STEP OF INTEGRATION H-";H 

5180 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* H=";Q3: IF Q$«»" "THEN H=VAL(Q$) 
5200 PRINT "RESTORING FORCE QD="; QD 


5210 INPUT "NEW VALUE *NO CHANGE: PRESS ENTERx QD=";Q3: IF Q8<>""THEN QD=VAL(Q3) 
5220 PRINT "NEW HORIZONTAL CONTACT AREA ="; A 

5230 INPUT "NEM VALUE *NO CHANGE PRESS ENTER* A=";Q$: IF Q$<>"" THEN A=VAL(Q$) 
5240 PRINT "X DISPLACEMENT PLOTTING MAX AMPLITUDE (IN) DD-";DD 

5250 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* DD=";Q$:IF Q$<>""THEN DD=VAL(Q$) 


5280 PRINT "MAXIMUM RUN TIME OF EARTHQUAKE (SEC) TT =a TT 

5270 INPUT "NEW VALUE *NO CHANGE PRESS ENTER*  TT=";Q3:IF Q$<>""THEN TT=VAL(Q$) 
5280 RETURN 

соогу >, 


208 





5300 '5*555»953**3533X33545353* $4X3553354X X WX X**X435359552*X$5*5XXXXXX£x52553**XXXx *tkkx 
: - ^ Е. was? y en. 


53 10 . Pl E G ' E SAT = jr Е EE M N امو‎ E 26, ےہ‎ SIE AIR مر‎ XE IET AE 
5320 ' SUBROUTINE “PLOT” N. СИУ e TT TAR TI es 
5330 -СІ,6 :KEY OFF ск : EEUU. m loo aa nen 


5340 LOCATE 10,1 

5350 PRINT:PRINT:PRINTTO OBTAIN A PRINT OF THE FOLLOWING GRAPH, SET PRINTER ON 
AND PRESS SHIFT-PrtSc" 

5360 PRINT " PRESS ANY KEY TO CONTINUE 
5370 AS=INKEYS: IF AS="" THEN 5370 

5380 SCREEN 1 : COLOR O, 1 

5390 WINDOW SCREEN (0, -10)-(30, 10) 

5400 LINE (4,DD)-(4,-DD), 1 

5410 LINE (4,0)-(TT+4,0),1 

5420 LOCATE 3,4 

5430 PRINT "X" 

5440 LOCATE 23,30 

5450 PRINT “TIME” 

5460 T$-"TIME-DISPLACEMENT RESPONSE" 

5470 LOCATE 2, (40-LEN(T$))/2+1 

5480 PRINT T$ 

5490 LOCATE 3,1 

5500 PSET (0,0),2 

5510 FOR I=0 TO NE 

5520 T=H*I 

5530 LINE (T«4,UDP( I) ) -C(T*H) «4, UDP( I*41)),2 
5540 NEXT I 


5550 RETURN 
5560 "xx X Xx Xx Xx X Xx Xx RO ROO ROO ROO OOOO OOOO OOOO OOOO OOOO پھر ناد اد بد پھر باج ناد عو ود‎ KC OK OK oo ود و ود عو اد بد باج‎ xk 
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"3DOFRUB" System 1 Output File. . , 


ест A Aa Se TET 4 š Е а er c xem دح‎ 
> " -- NU 7 к . 
ern vu a TU 0 ла ‚sun Sys t ea i sane. Sec - om -—— de 


z" Hull Ele wf 


* Ship Farameters + 

de1ght Moment of Inertıa K 
MS ES 2910951.0 kips-1n-sec2 13 
* Drydock Farameters + 


Side Block Height Side Block Width Keel Klock Height Keel Block Width 
74,0 ıns 92.0 ins 60.0 ins 48.0 ıns 


Sıde-to-Sıde Fier Distance Wale Shore Ht. Wale Shore Stiffness Cap Angle 


134.0 ins ‚О ins .О kips/in .377 rad 
iSide Side Fier Contact Area Total Keel Fier Contact Area kkhp 
Se Se Ime 554420.0 ігг 39434.9 kips/in 
EXROEraction Coeff H/B Frietion Goett kshp kvsp 
.430 . 330 2212.2 kips/in 4025.6 kips/in 
Side Fier Fail Stress Limit Keel Fier Fail Stress Limit QD1 
۰100ء‎ ٢(ح‎ ۶2 .450 kips/ine 18098.1 Кіре 
Side Fier Vertical Stiffness Side Filer Horizontal Stiffness орг 
10112.9 kıps/ın EGco.1 kıpszım 4517.8 kıps 
keel Fıer Vertıcal Stıffness Keel Fıer Horızontal Stıffness QLS 
45605 .7 kips/1in e39ege323.1 kıps/ın 2262.4 kips 


* System Farameters and Inputs ж 
Earthquake Used 1s 1340 EL CENTRO 
Horizontal acceleration input ıs HORIZONTAL 


Vertical acceleration input 15 
Earthquake Acceleration Time History. 


Vertical/Horizontal Ground Acceleration Ratio Cata Time Increment 
1.000 ON sec, 
Gravıtatıonal Constant % System Damping 
38€ .03 1m/sece ССК 


Mass Matrix 


42.2332 OOOO 8127 . 0 

e UOLO 42.2932 ‚ооо 

$1&5.0420 .ОООС) 048104251 ¿0000 
Damping Matri: 

116.1018 OOO “027.6454 

¿0000 162.5933 .ОООО 

ə007.64%4 e VOD 1543181 .3%37 
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Stiffness Matrix 





pd 70878 ‚3990 -% 


4 
з. жу ne 





l amped Natural Fcequencies 


Damped Natural Frequencies 


For Earthquake Acceleration of 


Ma». 1mums/Fa1lures 
Maximum X 

Maximum Y 

Maximum Rotation 

Side block sliding 
Feel block sliding 
Side block overturning 
Keel block overturning 
Side block liftoff 
Side block crushing 


For Earthquake Acceleration of 


Maximums/Failures 
Maximum X 
Maximum Y 
Maximum Rotation 


Sader block sliding 
Feel block sliding 
Side block overturning 
Heel bloc) overturning 
Side block liftoff 
Side bloc! crushing 


For Earthqual e Acceleration of 


Maximums/Failures 
Maximum X 

Maximum Y 

Maximum Rotation 
Side block sliding 
S\N DIOCEN 6 
¢ e block overturning 
keel block overturning 
Side bloc! 11ftof+ 
Side bloc!) crushing 





Mode #1 Mode #2 
6.40209 rad/sec t.3.€5S0 rad/sec 
Mode 9*1 Mode «2 


€.916 rad/sec 69.563 rad/sec 


100.00 4 of 

X (ıns) Y (1n8) 

‚209810 

-.197584 
‚003405 .01 22 
-.OSg7e3S  -.002059 
1ء‎ 9 092672 
.v203853 ‚052877 
-.007983 -.103357 
2010756 0 00:075 
30.00 ^ of 


X (ims) Y (ins) 
=.21 5205 
-.155555 
-.01132$ -.00%5677 
¿(069097 129928 
-,011323 -.025877 
-. 031313 .-۔‎ 3 
=.00131€ -.073103 
=.0113382 -.O16€E 3 
20.00 4 of 
X (ıns) Y (ins) 
‚250242 
-.16300(8 
2 (009720 -,030771 
.ОЄ.С46, 1 +ءء‎ 
-.004720 -.020771 
- 022077 . 06.74 7Е. 
4091200 = 0183706, 
-.011597 -.0105<4 
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the 1940 EL CENTRO 


Theta (rads) 


سے سے ہے ہے аш»‏ سے = «шо‏ سے «ж» «ж» ка»‏ >« 


-.049156 
-.001452 
-.014561 
=.0022&83 

.001717 
26009915 

.005794 


the 1940 EL CENTRO 


Theta (rads) 


-.0943923 
-.000356 
.013793 
-.00033& 
.0019347 
- OOS 30 
7ء‎ 


the 1390 EL CENTRO 


Theta (rads) 


OSS 75 
.0021912 
¿(0413715 
.001913 
= OOS] Se. 
- .003757 
,O0S424 


39.7€3 


domi 


Mode #5 
rad/sec 
#2 
rad/sec 


Mode 


Time 


Time (sec) 


Time (sec) 





кос Earthquake Acceleration of | 30.9 > О! pw. 1289 ag - 


wen. ow ری — تح‎ P А ғ хм «Гы > -. 
MOERS. lg Deere cte wl ne Ser eae ee 
LX [o COE. е”. DNA 8872 tr ae ¿s n ы - di oS ука -zæ 
Mavimums/Fallures X (ins) Y (ins) К Theta (rade) Time (ecc 
Maximum X = еее © Me 
«1mum Y a OEE 3.00 
..4x1mum Rotation .005146 7.43 
Side block sliding .00383 .003133 -,000124 7.04 
Side block overturning pcc «003183 -.000124 7.24 
Side block liftoff -014433 .007235 OOLTES Si ES 


For Earthquale Acceleration of 20.00 % of the 1940 El CENTRO 


Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec) 
Maximum X -. 016346 7.38 
Maximum Y - ¿0268732 4.79 
Maximum Rotation .002983 7.48 

Side block liftoff .0ءء‎ .014913 .002418 6.31 


For Earthquake Acceleration of 10.00 % of the 1340 EL CENTRO 


Maximums/Failures X (ıns) Y (ins) Theta (rads) Time (sec) 

"Maximum X - . OOSOSE. 7.38 
xımum Y -.012427 4.79 

Maximum Rotation 00162? 7.95 


No failures occurred. 


For Earthauake Acceleration of 19.00 4^ of the 1340 Et CENTRO 


Ма imums/F ai lures X (ins) Ү (уп=) Theta (rads) Time (sec) 
Maximum X -.01503* 7.35 
Maximum Y ¿02553 0 0.73 
Ma«imum Rotation .OO0SSOSZ 7.42 

Side block liftoff SVE . 9015012 „002424 ہے روڈ‎ 

For Earthquale Acceleration of 12.00 % of the 1390 El CENTRO 

Ma-1mums/Fa1lures X (ins) Y (ins) Theta (rads) Time (sec) 
"Axi1mum X - 015300 7.32 

»ımum Y .-۔‎ € 9.73 
Ma-~imum Rotation "G = 7.95 
Side bloct l1ftoff 0765S -.017357 .0035067 Е.С 
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For Earthauale Acceleration of 17.00 % of the 1740 EL CENTRO 
Max myns/Failures "M X (ins) Ning) en Iheta rads: Tn 5852. = 
pom mm = а -—— same. er TG = 
Maximum X --*-- - کے‎ -.014413 “сз” een pic C A 
Mawimm Y ہے ا وی‎ Zu ٦ -: ۰ : ; Eg 2* 
Ma imum Rotation ¿003024 р да 
Side bloc) liftoff ¿0102843 .OO0c.2 S s ¿002737 ес, 
For Earthquare Acceleration of 14.00 4 of the 1530 EL CENTRO 
Ma~imums/Fai lures X (ins) Y (ins) Theta (rads) Time (sec) 
Ma imum X - ,013510 7.38 
Ma-.1mum Y -.0в01499 42,79 
Ма - тит Rotation 0027945 7.47 
Side block liftoff - ,.QUS6S1 ¿008320 - .002931 7.57 
For Earthquake Acceleration of <.00 4 of the 1940 EL CENTRO 
Maximums/Failures X (ins) Y (ins)? Theta (rads) Time (sec) 
Maximum X -.01e5e3 7.98 
Maximum Y - ,020158 4,79 
Maximum Rotation ‚002561 7.47 


No failures occurred. 


Zoe 





"SDOFRUB" System 1 Input Data File, 


- rt 
E m Ar 7» me 


sy = ЕТТИ eo 
ES 02212.17:.38434,86 10098.022. 4817. 

42. об * Рав" 700 4.66 ^66.00 0.43 0.53 

144.00 0.70 0.45 8352.0 55440.0 0.05 

616 10.377 






Р 386.09 


LAFAYETTE SSBN 616 

NO ISOLATOR ALL BILINEAR 

8 SPACING COMPOSITE 

NO WALE SHORES 

S5 % DAMPING 

NO SPECIFIC LOCATION 
845-2006640 

SIKHORIG.WK1] & SISHORIG.WK1 
SIORBILN.DAT 1532 21 JAN 88 
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APPENDIX 4 


Rubber Cap Vertical Stiffness Spreadsheets 
One Inch Rubber Cap Systems Stiffness Table 
XEL, YEL, QD, KU, and KD Values for Once Inch 
Rubber Cap Systems 

"SDOFRUB" System 12 Output File 

"3DOFRUB" System 12 Input Data File 
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Rubber Cap Vertical Stiffness 
oppeadsneens T NU Y. 


VERTICAL STIFFMESS CALCULATIONS FOR DRYDOCK BLOCKS 

HULL TYPE  €l6  DOCKING PLA fz: رہ بیع‎ 

бүтін і 12 KEEL BLOCKS OFISTNAL DOCKI*E ЖАНЫ 
RUBBER CAP El 

RIO FA 8.00 FEET 


VERTICAL STIFFNESS: 


— - = 





PIER 
LEVEL 8 E LENGTH WIDTH HEISHT K 1/К TOTAL K 
і (PST) (IN) (IN) (IN) (KIPS/IN) (KIPS/IN) 
(DEPTH) (TRANSVERSE ) 
(B) (H) (L) 
l RUPES 9% .00 62.00 es 1.00 Ss. 3,510641 кә” 
2 Р.Р 12533.13 .0 e. 4.00 3153.88 0.0003165 
3 OAK 625.0 42.00 3,67 e«. o 1169.38 0,5552 
4 CONCSETE «0000.0 2,00 27.00 295555.67 0.0000033 
61.00 
1945 ,83 
i TOTAL STIFF 
BLOCKS ss OF ROCK SY 
(KIPS/IN) : 
2529.65 
VERTICAL STIFENESS CALCULATIONS FOF DEYIOCX BLOCKS 
МА! TPE 616 DOCKING PLAN $= 8945-20664) 
М 12 KEEL 8 005 OF IG] Nal DOCKING DRAB] NG 
RUBBER CAP Ec 
BLACK Sé 8.00 FEET 
VERTICAL STIFFNESS: 
PIER 
LEVEL MATERIAL E LENETH WIDTH IST K 1 /K TOTAL K 
i (PSI) (IN) (IN) (IN) (KIPS/IN) (KIFS,," 


(DEPTH) (TRANSVERSE) 
(B) (H) (L) 


] КЕЖЕ 3571.00 42.0 24.0) 1.00 3598.57 0.000277 658.52 
2 D.FUR 12539.19 42.00 54.00 4.00 3159.88 0,0003165 
3 (Ж 2350.40 42.00 33.67 29.00 1169.35 000007 
4 CONCRETE 2000000.00 42,00 43.00 27.00 238555 .67 0.0000033 

61.00 
1845.83 

i TOTAL STIFF 

BLOCKS 55 OF BLOCK SY 

(KIPS/ IN) : 

37857.79 


< 





VERTICAL STIFFNESS CALCULATIONS 

HULL TYPE 616 DOCKING PLAN # = 845-2006640 

SYSTEM $ le SIDE BLOCKS ORGINAL DOCKING DRAWING 
RUBBER CAP El 

BLOCK SPACING = 8.00 FEET 


VERTICAL STIFFNESS: 


PIER 
LEVEL MATERIAL E LENGTH WIDTH HEIGHT K 1/K TOTAL K 
Ш (PSI) CIN) (IN (IN) (KIPS/ IN) (KIPS/ IN) 


(DEPTH) (TRANSVERSE) 
(B) (H) (L) 


1 RUBBER 932.00 12.00 e4.00 1.00 085.0 0 . 0035002 157.04 
e "at 125119 12.00 26.00 6.00 601.88 0.0016615 
3 OAK 03990.00 0 29.70 20.00 833.28 0.0012001 
4 CONCRETE 4000000 .00 55.00 4.00 43.00 163000. 0 . 0000060 
75.00 
890.00 $ TOTAL STIFF 
BLOCKS 29 OF ROCK š 
(KIPS/IN) : 
4554.23 
VERTICAL STIFFNESS CALCULATIONS 
HULL TYPE 616 DOCKING PLAN # = AS 2006640 
SYSTEM 4 12 SIDE BLOCKS ORGINAL DOCKING DRAW INE 
RUBBER CAP Ee 
BLOCK SPACING = 8.00 FEET 
VERTICAL STIFFNESS: 
МИ т no... 
PIER 
LEVEL MATERIAL E LENGTH WIDTH HEIGHT K 1/۲ TOTAL K 
, (PSI) (IN) (IN) (IN) (KIPS/ IN) (KIPS/ IN) 
ии —Щ 
(DEPTH) (TRANSVERSE) 
(B) (H) (L) 
1 RUBBER 3571.00 12.00 04,00 1.00 1025,45 0.0003722 260,45 
2 D.FIR 12539.19 12.00 04,00 6,00 601.98 0.0016615 
3 OAK 23980.00 23.40 25.7 20.00 833.28 0,01001 
4 CONCRETE 4000000.00 45.00 42,00 48,00 168000 .00 0.000000 
75.00 
850.00 $ TOTAL STIFF 
BLOCKS 29 OF BLOCK SY 
(KIPS/ IN) : 
1552743 
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TOTAL KEEL AND SIDE PIER STIFFNESS KIPS/1N 
STANDARD & RUBBER CAPPED BILIWEAR SYSTEMS 


SYSTEM 


- тоға а өс» а таза db dh db db wb ub C wb CD wb wb db db db ub db wb db ou ub wb wb db db db wA کی کی‎ db db ub db db ہے ہے ہہ ہے‎ ub db db wb 4D db db ub з ЧЮ ә ub db db db de de db db з ч» up 9 4D Do b ub db ub dh o ooo om 


QOO — © СЛ m ca I سے‎ 


C Cu m سے سے‎ 
— O N RO 0 


сч 


еи KCN 
DI OO ^ сл m C 


КҮК 


46808,74 10113.39 
45808.74 5231.06 
31919.89 6178.56 
31919 995 1195. 81 
45808.74 3195.81 


4025.54 59223,08 38434.86 
2082.23 59223.08 38434.86 
3211.52 28875.45 22849.71 
1661.13 28875.45 22849.71 
1661,13 59223.08 38434.86 


5825.13 
3013.00 
4055. 29 
2097.56 
2097.56 


83270.20 43011.07 22269.52 79683.44 53718.39 28797.14 
87270.20 28512.95 14762.94 79683.44 $3718, 39 
85270.20 21747.17 11259.87 79683.44 53718, 39 


270.7 
19442.11 
19442.11 
25286. 68 
25285.68 
20197.36 
20197.36 
25.86.68 
47016.9 
47015.9 

47015.9 
15423.44 5101.21 
12302.03 3911.02 
12302.03 3008.48 


8629.57 
6808.09 
3236.99 
4554, 23 
2355.63 
3975.48 
2056.28 
2056. 28 


4065.53 22050.35 17448.87 
3188.10 17587.78 13917.55 
2452,39 17587.78. 13917. 55 
7552.43 18215.1 18215.1 
3706.45 18215.1 18215.1 
6083.7 13704.07 13704.07 
3146.74 13704.07 13704.07 
3146.74 18215,1 18215.1 


25596.13 37814.68 28237.21 28237.21 
16968.22 25068.16 28237.21 28237.21 
12941.87 19119.78 28237.21 28237.21 


8319.8 10464.93 10464.93 
8310.59 8347.03 8347.03 
4854.38 8347.03 8347.03 


19090.24 
14550.35 
$842.53 
4625.36 
2237527 
1842.59 
952.96 
1710.14 
884.55 
884.55 
HIA 
7552.07 
5760.05 
2089.33 
1622.73 
1248.25 


2212.17 46808.74 
1144.23 46808.74 
1897.66 31919.89 
981.55 31919.89 
981.55 46808. 74 
13345.17 83270.2 
8846.80 83270.2 
6747.54 83270.2 
2409.17 24375.19 
1890.53 ۱ 
1454.33 19442.11 
1842.39 37857. 79 
952.96 37057.79 
1710,14 27487,98 
884, 55 27487, 98 
884.55 37857.79 
11392.11 58580.41 
7552.07 68580.41 
5760.05 68580.41 
2089.33 20990.82 
1622.73 15742.68 
1248.25 16742.68 


One Inch Rubber Cap Systems Stiffness 
TO D leis: > 
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- oam oc oa UR UD ce UD SD CU UD CR GR =» = GR "UR GR coc» ш» ш» = ہے ہے ہے ہے ہے‎ m эр а» == =з эр шр == шр == == == эр == o P эь © cm ӘӘ am we am "P a um cm a CP am db c» Ss SF SS SSF GD GD UD ӘӘ ӘӘ CP GD UD GD UD db db CP db um c a GR db c» Gm GR GR GP GP ce GR GR GR GR GR ӘӘ ФЬ сы сы ас ав = ов аз ےت‎ өз өс ею еш өз s. ә 


SE CAP SHEAR DF 


SYSTEM 
' 


- - — 4b "D "m دہ‎ Gm db um =з Gm db am «m um Gm m db db db s odb UD Gm Gn db db UP Vb db db db db um Gm Gm єз =з єз єз «в «о GD GR Gm db CO db =з =з =з єз єз єз =з WO Ce SB єз = єз => ск єз ә ҸӘ Р ФӘ db CD db UD db db UD c db db db db um Gm ےہ‎ Gm db Gm Gm 4m ев «о == am Gm Gm Gm db db UD db UD db db db UD db CD GR Әә m nm m mm m 


CO ~u O- C^ A C4 RD — 


лел C RICE Ə x 


KEEL CONT. 
ARER 
(IN^2) 


99440. 00 
55440.00 
55440.00 
35440.00 
55440.00 
108864. 00 
108864, 00 
108854, 00 
42336.00 
33768.00 
33768.00 
95440,00 
55440.00 
95440.00 
55440.00 
55440.00 
108864. 00 
108854. 00 
108864. 00 
42336.00 
33768.00 
33768.00 


QD VALUES: 


SHEAR DF 


PROP LINI (KIPS/1N) 


(PS1) 


930.0 
930.0 
930.0 
930.0 
930.0 
930,0 
930.0 
930.0 
930.0 
930.0 
930.0 
930.0 
930.0 
930.0 
930.0 
930.0 
930.0 
930.0 
930.0 
930.0 
930.0 
930.0 


TED? КО,‏ ۶ھ 
for Once Inch Rubber Cap Systems.‏ 


KHK 


99223,1 
59223.1 
28875.5 
28875.5 
39225,1 
7983.4 
1983.4 
7983.4 
22050. 4 
17587.8 
17587.8 
18215.1 
18215.1 
13704.1 
13704. 
18215.1 
28237.2 
28237.2 
28237.2 
6۹9 
8347.0 
8347.0 


Jos 

= 
IELI KU1-KD1 001 
(IN) (KEPS/IN) (KIPS) 


0.8706 20788.22 18098.07 
0.8706 18098.07 
1.7856 6025.74 10759.39 
1.7856 6025.74 10759.39 
0.8706 20788.22 18098.07 


KEEL HORIZONTAL STIFFNESS 
SIDE BLOCK HORIZONTAL STIFFNESS 
SIDE BLOCK VERTICAL STIFFNESS 


AREA 
(1872) 


8352.00 
4320.09 
8352.00 
5220.09 
5220.00 


1.2706 25965.05 32990.45 57672.00 
1,2706 25965.05 32990.45 38232.00 


1.2706 25965.05 32990.45 
1.7856 4601.48 8216.272 
1.7856 3670.23 6553. 458 
1.7856 3670.23 6553. 458 
2.8306 0 
2.8306 
3.7623 
3.7623 
2.8306 
3. 9855 
3.5855 
3.5855 
3.7623 
3.7623 
3.7623 


оо ооо ооо о о б 


0 
0 
0 
0 
0 
0 
0 
0 
0 
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29160. 00 
9600.00 
7488. 00 
5750.09 
8552.09 
4320. 00 
8352.00 
3220.00 
5220.09 

5772.00 

38232.00 

29160.00 
900.0 
7488.00 
5760.00 


KHS 


PROP LIMI(KEPS/IN) 


(PSI) 


930.0 
930.0 
930.0 


9829.13 
3013.00 
4055.29 
930.0 2097.% 
930.0 2097.56 
930.0 28797.14 
930.0 19090.24 
930.0 14550. 35 
930.0 5842.83 
930.0 4625.36 
930.0 3557.97 
930.0 1842,39 
930.0 952.9 
930.0 1710.14 
930.0 884,55 
930.0 884,55 
930.0 11392.11 
930.0 7552.07 
930.0 5760.05 
930.0 2089.33 
930,0 1622.73 
930.0 1248.25 


апа KD values 


XEL2 
(1N) 


KU2-KD2 002 
(KIPS/IN) (KIPS) 


3612.96 4817.602 
1868.77 2491.858 
2157.63 4132.648 
2.3144 1116.01 2582.897 
2.3144 1116.01 2582.897 
1.8625 15451.97 28779.44 
1.8625 10243.44 19078.50 
1.8625 7812.79 14551.40 
1.5281 3433.46 5246.598 
1.5056 2734.73 4117.349 


1.3334 
1,3334 
1.9154 


1.5056 2103.64 3167.193 
4.2159 0 0 
4,2159 0 
4,5419 0 
5.4882 0 
9. 4882 0 
4,7081 0 
4.7081 . 0 
4.7081 0 
4.2731 0 
4.2914 0 
4.2914 0 


oo oc co oO OC о © o 





- «» «в ы dm m 4m ав бв ае тв ав eS de de dm de "D cm de um «> «ы «ы 4e de "D шр == GR "UR dm V Ue GA C» «в "D "D cm cm "P de de «с «в “ғ «в «ы de «ғ «е UD UD "D 4e "D cm ode um == 4e 4» de «m dm 4e cm Фә am de cm cm == == 4e "DP 4m "D AD dp Vb o ee eee eee = اج‎ 


CAPAREA — CAP KVS 18! KUJ-KD3 — QD3 KEEL AREA CAP KK YELJ — KUS-K0S 004 
= (1N^2) PROP LIMI(KIPS/IM) (IN) — (KIPS/IN) (KIPS) — (12) PROP LIMI(KIPS/1M) (IN) (KIPS/1N) (KIPS) 
(PS1) | (PS1) 
\ 8352.00 450.0 10113.39 0.3716 6087.75 2262.366 55440.00 450.0 46808.74 0.5330 0 0 
2 4320.00 450.0 5231.06 0.3716 3148.83 1170.188 55440.00 450.0 4808.74 0,5520 0 0 
3 8352.00 450.0 5178.56 0.6083 2957.04 1804.841 55440.00 450.0 31919.89 0.7816 0 0 
ч 5220.00 450.0 3195.81 0.7350 1534.68 1128.028 $5440.00 450.0 31919.89 0,7816 0 0 
5 5220.00 450.0 3195.81 0.7350 1534.68 1128.028 55440.00 450.0 4808.74 0.5220 0 0 
C 57672.00 450.0 43011.07 0.0034 20741.55 12515,21 10884,00 450.0 83270,2 0.5883 0 0 
7 38232.00 450.0 28512.95 0.0034 13750.01 829.04 108854,00 450.0 83270.2 0.5883 0 0 
< 29150.00 1450.0 21747.17 0.6034 10487.35 6327.919 10884.00 450.0 8270.2 0.5882 0 0 
A 9500.00 450,0 8629.57 0.5006 4564.04 2284.778 42335.00 450.0 24375.19 0.7816 0 0 
io 7488.00 450.0 4808.09 0.4949 3619.99 1791.079 33758.00 1450.0 19442.11 0.7816 0 0 
ıı 5760.00 450.0 5236.99 0.4949 2784,0 1378.212 33708.00 450.0 19442,11 0.7814 0 0 
(> 8152.00 — 399.2 4554.23 0.1819 -2998.2 -545.441 55440,00 99.2 25286.58 — 0.2175 -12571.1 -2734.11 
30 420.00 99.2 2355.63 0.1819 -1550.8 -292.126 55440.00 399.2 25280.08 0.2175 -12571.1 -2734.11 
7! 8352.00 992 3975.48 0.2084 -2108.22 -439.348 55440.00 99.2 20197.30 0.2723 -7290.62 -1985.20 
12. 5220.00 99.2 205.28 0.2518 -1090.46 -274.605 55440.00 99.2 20197.34 0.2723 -7290.42 -1985.20 
33 5220.00 99.2 2056.28 0.2518 -1090.46 -274.605 55440.00 99.2 2528.08 0.2175 -12571.1 -2734.11 
34 57672.00 99.2 25596.13 0.2235 -12218.5 -2731.00 108844,00 99.2 47016,9 0.2297 -21563.5 -4952.92 
25 38232.00 99.2 1098.22 0.2235 -8099.94 -1810.44 10884.00 99.2 47010,9 0.2297 -21563.5 -4952.92 
3C 29100,00 99.2 12941.87 0.2235 -6177.91 -1380.84 108844,00 99.2 47016.9 0,2297 -21563.5 -4952.92 
27 9800.00 99.2 5101.21 0.1867 -3218.59 -600.862 42335.00 99.2 15423,44 0.2723 -5567.38 -1515.97 
3% 7486.00 99.2 3911.02 0.1899 -2399.67 -455.762 33768.00 99.2 12302.03 0.2723 -4440.65 -1209.16 
3% 5780.00 99.2 3008.48 0.1899 -1845.9 -350.586 33768.00 99.2 12302.03 0.2723 -4440.65 -1209.16 


215 





а= m i 
ІР 3 A | u 


= ХК 


жә фай 14i с 





"SDOFRUB" System 12 Output File . 


**x** System 12 xe” 


** Hull 616 xs 


* Ship Parameters * 
Weight Moment of Inertia K.G. 
16369,9 Кірв 2410451.0 kips-in-sec2 193.0 ins 
* Drydock Parameters * 


Side Block Height Side Block Width Keel Block Height Keel Block Midth 


75.0 ins 42.0 ins 61.0 ins 48.0 ins 
Side-to-Side Pier Distance Wale Shore Ht. Wale Shore Stiffness Cap Angle 
144.0 ins .O ins .O kips/in .377 rad 
1Side Side Pier Contact Area Total Keel Pier Contact Area kkhp 
8352.0 in2 55440.0 in2 18215.1 kips/in 
B/B Friction Coeff H/B Friction Coeff kshp kvsp 
. 430 450 4583.8 kips/in 7552.4 kips/in 
Side Pier Fail Stress Limit Keel Pier Fail Stress Limit kvkp 
.700 kips/in2 .700 kips/in2 37857.8 kips/in 
Side Pier Vertical Stiffness Side Pier Horizontal Stiffness 
4554.2 kips/in 4583.8 kips/in 
Keel Pier Vertical Stiffness Keel Pier Horizontal Stiffness 
25286.7 kips/in 18215.1 kips/in 
QD1 QD2 QD3 QD4 
.O kips .O kips -545.4 kips -2734.1 kips 


* System Parameters and Inputs * 
Earthquake Used is 1940 EL CENTRO 
Horizontal acceleration input is HORIZONTAL 


Vertical acceleration input is 
Earthquake Acceleration Time History. 


Vertical/Horigontal Ground Acceleration Ratio Data Time Increment 
1. 000 .010 sec 


Gravitational Constant X System Damping 
386.09 in/sec2 5.00 X 


Mass Matrix 


42.3992 . 0000 8183.0420 
. 0000 42.3992 . 0000 
8183.0420 . 0000 2410451.0000 


Damping Matrix 


74.3450 . 0000 3428.9487 
. 0000 120.7812 . 0000 
3428.9487 . 0000 1021727.6065 


216 





-e æ` 


— = т 


ee m. 7 Stiffness Matrix: | <w IIn € ATIS UL 90ت وھ سے‎ 
27982.8800 A AA ا دج کی‎ == 
. 0000 34395.1400 š 50000 LEER 
128346. 0 . 0000 43319122.8111 
Undanped Natural Frequencies Mode #1 Mode #2 Mode #3 
4.239 rad/sec 42.984 rad/sec 28.482 rad/sec 
Damped Natural Frequencies Mode #1 Mode #2 Mode #3 
4.233 rad/sec 42.930 rad/sec 28.448 rad/sec 


For Earthquake Acceleration of 100.00 X of 


Maximums/Failures X (ins) Y (ins) 
Maximum X . 133628 
Maximum Y -.252150 
Maximum Rotation 
Side block sliding . 074181 .085959 
Side block overturning . 087029 .188782 
Keel block overturning -. 085370 . 031225 
Side block liftoff .018785 -.025509 
Side block crushing .018528 -.098058 


For Earthquake Acoeleration of 90.00 % of 


Maximums/Failures X (ins) Y (ins) 
Maximum X . 121682 

Maximum Y -.228920 
Maximum Rotation 

Side block overturning . 067689 . 073061 
Keel block overturning  -.087888 . 010883 
Side block liftoff ‚017590 -.022420 
Side block crushing -.005126 . 101402 


For Earthquake Acceleration of 80.00 % of 


Maximums/Failures X (ins) Y (ins) 
Maximum X .110005 
Maximum Y -.202051 
Maximum Rotation 
Side block overturning -.075537 . 078222 
Keel block overturning ‚ 075679 . 064484 
Side block liftoff . 002582 . 009507 
Side block crushing . 025392 . 083558 
For Earthquake Acceleration of 70.00 % of 
Maximums/Failures X Cins) Y (ins) 


2172 


the 1940 EL CENTRO 


Theta (rads) Time (seo) 


8.70 

5.34 

. 014311 9. 12 
-.002847 8.41 
. 003970 5.42 
-.000848 4.91 
-. 006513 5.02 
-. 005124 4.99 


the 1840 EL CENTRO 


Theta (rads) Time (sec) 


سب = = > تہ = = > e e wie «шы «ғи, жш» «әр «шо > >. о‏ ج ھب ہے کس ھی 


6. 70 

5.34 

. 012817 9.12 
-.002638 8.41 
-. O01173 4.92 
-.005890 5.02 
-.008078 5.10 


the 1840 EL CENTRO 


Theta (rads) Time (sec) 
6.70 
5.34 
. 011419 9. 12 
. 000599 8.12 
. 002542 5.40 
-.005600 5 09 
-.007498 5.12 


the 1840 EL CENTRO 


Theta (rads) Time (sec) 





Maximum X ہہ‎ 

Maximum Y š 
Maximum Rotation و دہ‎ 
070214 ` 


Kee block overturning 
Side block liftoff -. 007956 082827 
Side block crushing .055384 -.070826 


For Earthquake Acceleration of 80.00 X of 


Maximums/Failures X (ins) Y (ins) 
Maximum X . 084043 

Maximum Y -.153034 
Maximum Rotation 
Keel block overturning . 062017 .087278 
Side block liftoff -.018024 . 061380 
Side block crushing . 035903 -.084247 


For Earthquake Acceleration of 350.00 X of 


Maximums/Failures X (ins) Y (ins) 
Maximum X . 069098 
Maximum Y -.128438 
Maximum Rotation 
Side block liftoff -.037380 . 030443 
Side block orushing .010836 -.009880 


For Earthquake Acceleration of 


Maximums/Failures X (ins) Y (ins) 
Maximum X -.055491 

Maximum Y -.103239 
Maximum Rotation 

Side block liftoff .014700 -.021988 
For Earthquake Acceleration of 30.00 X of 
Maximums/Failures X (ins) Y (ins) 
Maximum X -.043904 

Maximum Y -.073915 


Maximum Rotation 


No failures occurred. 
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` 101565 


a -—- 670 `‏ ےت 
Ма. ` SA 7 Ell‏ 
„æ 132: 910018 l1 c‏ 
5,41 777770025652 
5.04 005777 .= 
5.52 005715 


the 1940 EL CENTRO 


Theta (rads) Time (sec) 


6.70 

5.34 

. 008604 9.11 
. 002219 5.41 
-.004807 5.06 
. 005279 5.54 


the 1940 EL CENTRO 


Theta (rads) Time (sec) 


6.70 

5.34 

. 007234 9.10 
-.005009 6.02 
-. 006406 6.09 


40.00 X of the 1940 EL CENTRO 


Theta (rads) Time (sec) 


8.43 
5.34 
. 005911 9.08 
. 005709 9.02 


the 1940 EL CENTRO 


Theta (rads) Time (sec) 


. 004762 





For Earthquake Acceleration of 39.00 X of 


Maximums/Failures X (ins) Y (ins) 


-- 
— — — — سے یے‎ -ш- «м» «ше حب‎ — — — «ше өш» «ше өш» «ы жы» == ер ہے ہے ح‫‎ oe سے ت‎ 


Maximum X _ -. 0548318 


Маас Ў сес ЕЕ. a, 100658 


Maximum-Rotat {on -+ m e. Tm - y 17. > 


Gilde block lirvcoff-'. —c-.013999 . - 021378 


For Earthquake Acceleration of 38.00 X of 


Maximums/Failures X (ins) Y (ins) 
Maximum X -.054144 

Maximum Y -.098077 
Maximum Rotation 

Side block liftoff .015857 -.016848 


For Earthquake Acceleration of 437.00 X of 


Maximums/Failures X (ins) Y (ins) 
Maximum X -. 052896 

Maximum Y -.095496 
Maximum Rotation 

Side block liftoff .019130 -.010292 


For Earthquake Acceleration of 36.00 % of 


Maximums/Fai lures X (ins) Y (ins) 
Maximum X -.051656 

Maximum Y -.092694 
Maximum Rotation 

Side block liftoff .021071 -.002704 


For Earthquake Acceleration of 35.00 X of 


Maximums/Failures X (ins) Y (ins) 
Maximum X -,050382 
Maximum Y -. 089906 
Maximum Rotation 
Side block liftoff . 022892 . 005154 


For Earthquake Acceleration of 34.00 X of 


Maximums/Failures X (ins) Y (ins) 
Maximum X -.048970 

Maximum Y -. 088829 
Maximum Rotation 

Side block liftoff . 022342 2012550 
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the 1940 EL CENTRO 


Theta (rads) 


x -9 
= 


tt 005843 : 
- w 005884 


the 1940 EL CENTRO 


Theta (rads) 


. 005714 
. 005612 


the 1940 EL CENTRO 


Theta (rada) 


. 005584 
. 005538 


the 1940 EL CENTRO 


Theta (rads) 


ж. «ше ہے‎ s s s سب‎ «шы «шы سے ہے سے‎ 


. 005448 
.005429 


the 1940 EL CENTRO 


Theta (rads) 


-= q die ہہ حبص حجب‎ eee ee A سے‎ 


. 005338 
. 005337 


the 1940 EL CENTRO 


Theta (rads) 


. 005216 
. 005214 


Time (sec) 


Time (sec) 


Time (mec) 


———————————— 


Time (sec) 


Time (sec) 


Time (sec) 





For Earthquake موم‎ 16:550 of 33. 00 x = the 1940 EL CENTRO - NL 
: > ie = =, E. 


* 
> + 
- ہے 
- - 


Sa er ae mer: š Е Қ а ee а =D نے سو‎ 7 
Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec) 
Maximum X 0 10ت‎ 8.43 Hr 
Maximum Y -. 0893611 5.34 
Maximum Rotation 7005195 9.06 
Side block liftoff 018046: .023179 . 005067 9.09 


For Earthquake Acceleration of 32.00 X of the 1840 EL CENTRO 


Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec) 
Maximum X Əэ а... 777 8. 43 uc 
Maximum Y -.080243 5.34 
Maximum Rotation . 004868 9.08 


No failures occurred. 


"3DOFRUB" System 12 Input Data File 


16369. 9» 199, ےت‎ 4584.23. 7552 
ES 445 18518. 5683.79 -18 

ur 48 007 ~78 nae 4,7824 215 io^ © 

s оо ото 0 70 8352 О ee 00 050 
616 12 0.377 -2734.11 37857.79 





ALSO. 0.0 
= ҖЕ ОО -545.44 386.09 





LAFAYETTE SSBN 616 

RUBBER CAPS 

8 SPACING COMPOSITE 

NO WALE SHORES 

5 X DAMPING 

NO SPECIFIC LOCATION 
845-20066 40 

S12KHE1.WK1 & S12SHE1.WK1 ЕТС. 
S12RUB.DAT 18:01 30 JAN 88 
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2. 
3. 
4. 


APPENDIX S 


Isolator Equivalent Elastic Moduli Spreadsheets 
Isolator Blocking Pier Stiffness Spreadsheets, 
ط۶۱۱ ط500 د5"‎ System 90 Output Eile, 

“3DOFRUB" System 9O Input Data File 


221 





IsolatorsEguivalenteblastic Moquli 
SpreadsheetS. . « « « © © © «© «© وم‎ 


-- 


EE 
SUE 
У. 
i1-Jan-88 e 
HORIZONTAL STIFFNESS MATRIX FOR 4 LAYERS DIS E CALCULATOR FOR SITE BLOCKS 


THIS IS A SIDEBLOCK SYSTEM FOR MULL 616 WITH 5 FT BUILDUP 
š FOOT CENTERS 


ELEMENT $ 1 CONCRETE 


DEPTH TRANSVERSE HEIGHT 
% В! Hl П LI 
PSI) (IN) (IN) (IN 8) (IN) 
1.001۴۹۴۷ 48 42 Q9635e 24 
3 ۶ ЕЛ 2£111/L1 


nn XP — s = = == کس کے‎ PV Pm 


6. 5725000Е+56е 3.0870000E8+53 9,9392000E+54 2. 46960008 +54 


en ж Шош + =. nn m m m nn on 





+ ач 





181217 1 SHE AK ELEMENT 

Bi" CONTACT STRAIN + 

FSI; ñ (IN/IN) JEFLECTIÓN 
жаны 2015 8.257195%%-51 1.3841270Е-49 
LPL t? O 

DEPTH TRANSVERSE HE АН 

Er be He 12 E2 

EST (IN) (IN) (IN' 4) (IN) 
[ .9000009€ + 5Û 48 42 2%352 ec 
2ٗ ۹2٣ 4212/2 сЕ212/12 


Оя жо ыч nr э ш 5 з =, ишш =—— — — > cab Фр шо = шесе аз с» = = = — — = ee ee 


5.3395047Е%52 3.5737851Е53 5.26с201826%54 4ءء‎ 


RIGIDITY TOF SHEAR ELEMENT 
Dec CONTACT STRAIN SHE AF. 
1237 AREA (IN/IN) DEFLECTION 
№2) (IN) 
инн 2016 6.3444444Е-50 1.5277778€-43 


Aag — — s ......... s — s nn a — 





—— — — — s — — — == = 
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ELEMENT 4 3 DOUGLAS FIR 


QEF TH TRANSVERSE r£ loni 
ES BS K3 13 L3 
PST) UN) (IN) (IN*9) (IN) 


——Ama s u a ....... s s q s. s s amm GNE AO DEA س سس سس سی‎ e 


ынтаны 12 24 13824 22 


 — = = — — а dieu = — —— ee — = == — ü — ———‏ — - ہہ ت جک ت و ت جو ن لد .لہ .امہ ا سایلا 


139 ه‎ ۶٥۵٤٥ 3313/15 033 


www ы а a‘ 





Lom 





24554951 [1+182 51753ء2‎ 1.2557Е•53 


RIGIDITY ТЇР SHEAR ELEMENT 
61" CONTACT STRAIN SHE 
(PSI) AREA (1N/ IN) DEFLECTION 
(IN 2) (IN 
Pret d d 25$ 4,36111118-39 1.034444Е-47 


ELEMENTA [15 ISOLATOR 


«ЕРІН TKANSVERSE HEIGHT 
EA 54 м 15 ES 
gc (IN) (IN) (18784) (IN) 


=ч ہے ہے ہے ہے ےھ و کے ہہ‎ m mn nn 


س — -- -— -—- ریو ی یھ چ nn nn MA = —— — —— — ——T n .j, — —— — —— — — = >. шош‏ ہہ اس 


ma =-= жа. чо == س — — === ج‎ se ee ee 


«є ۵.7 27‏ 2.3894 دم لیڈ . 2 











RisiDiTY TOP SHEAR ELEMENT 
61" CONTACT STRAIN SHEAR TOTAL 
PSY: АА (IN/ IN) DEFLECTION SHEAR 
414721 (IN) DEFLECTION (IN) 
er Dir 00018610301 0.040422 40943-02 
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Seer ee Ke eee ee ee we we ewww wee = oe ee 


5۷۱ ) ۷,۲ 
$0 30*3Cb688' 2- 
bY) 7,2 
50 90«3Epe38' 2 
EY 00+ 30000° 0 
ED 00+ 30000" 0 
2) 00+ 90000" 0 
2D 00+ 30000" 0 
14} 00+ 30000°0 


1D 00300000 


90* X 660 2- 
+32 
90« X592 2- 


S0* 33L323' 2- 


00* 30000' 0 


00) + 30000° 0 


00+ 900070 


00+3000 


00+ 30000*0 


00+ 30000 * 0 


(932681172 


39+ 355583 °в- 


$6+3615°0 


ear ٣ 


£6*3/952' I 


6 1 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000 ° 0 


00+ 30000" 0 


90+72 


60+ 33909" 2- 


05% 61471- 


16+36L55" 1 


CLE ie 


15%%/5571- 


00+ 30000" 0 


00+ 30000 ° 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000") 


0 "30000 من 


]310 و 


gau cl 


v6 396697 S 


ES IS’ E- 


6۴727 


£6*38£L9'€ 


00+ 30000 ° 0 


00+ 30000" 0 


00+ 30000" 0 


00* 30000" 0 


5 301] 


15%45671- 


6530206 7<- 


25+ 956b 'E 


EG* 388 3 E- 


65+ 38555 'Е- 


00+ 30000" 0 


00930000" 0 


00+30000" ( 


00+ 38000" 0 


0030060" 0 


00+ 30000" 0 


"۶) 77۶٤ 


EGI RELI E- 


1 ئ5 


06656 


۶,2 


£6*30L80'€ 


Xl 31 553813115 


00+30000* 0 


00* 30009" 0 


09+ 30000" 0 


00+ 30000" 0 


ES + 38819" E 


0539 <- 


656 


6 6/5 


ES+ 30480" E- 


0$* 3628" 2- 


00*30090*0 
00% 3090070 
00«30000*0 
00«30000*0 
00+30000° 0 
00% 70000" 0 
662: 
٣۰3090٤ 
٥۰326660 


ج0 


00«30000' 0 


00+ 30000" 0 


00+ 30000" 0 


00+30000* 0 


00+ 30000") 


(30000 0 


ES+30L80"€ 


eS 3228 2- 


EG 30,307 € 


05252572 


Lubin A © Se we ewe SS © CC SS SS E ә» ады әле eee © = Se ee ee ee ee ewe we ewe eee wee eee ee ee SES Se Tee SB Kee ee eee See es eee «ле «м»... nun m 
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KNOWN VALUES: ¢ OF SYSTE” ROOS = 


gl = -1000 lbs 
Мі = Qie(LIA2= 34g = - 90000 ¡MHLBS 
2 = № = = = m= = № 0 

85 = 1000 Ibs 
af = this 0 


SOLVET UNKNOMNE : 
20: 7.%<%186-49 1n 
(12 5.3158126Е-50 rac 


-B1 *Be 
2.655555%-48 17 -50821.187077 -579103.966% 


ths 1,05 327 *56-«* Fac 
۰ үт 6935. 1328380 -115521.318 122 


(RS EES iE QS "ac 


)2000- 1000- 13 یر رر )دج 


(85 0.0010382Е3 гас 











в НЕЦОКА. FOR 1 EEL RCP = 2.792216 M45 Bsr 3. 9321646 «195/14 
K (HORIZONTAL) AL KEE BLOCS = 2.550032Ж+51 165/11 2 ¿5500329 +48 AIPS/IN 
MATRIX CHECA: 

1 = -1000.000€ 

м1 = -30000 .0000 

g = 0.0000 

< = -). (000 

Е -0.0%х 

к = -) 0000 

g 0.0000 

м = 0.0000 

ge 1007 ¿000 

№5 = 0.0000 


= ===“ Guo m UA WR SP UR GR Gm өс GR کک د‎ > cm Gm GA UR GA Au WR an We e e s. s T - x G n ees eee سے کے س سے س‎ um e WP 


TOTAL SIDE BLOCk HOFIZONTAL STIFFNESS COEFFICIENT CALCULATION: ° 


=== шз оя з = оз шшш ш н ФА н АР ж жж Э-- - - - --ш —— — - 2 PPP w و‎  — ar a کک‎ = = — — — = = = = ==  — = = 


khs (SIDEBLOCK HORIZONTA, STIFFMESS; s F/(BENDING DISPL * SHEAR DISPLACEMENT! 
17.30. 
khs z 17.85 KIPS/IN (PER BLOCK! 


rhs = 15.28 KIPS/IN ‘ENTIRE SIDE BLOCK SYSTEM) 


DA e a e n enam ee AA IP € — € —— — سے‎ ӘР ЧИР ӘР ӘР ӘӘ «» — ہجہ ہے‎ «в а-а-а سو دہ‎ ee AA o o — eee eee 


DOS 





11-Jan-88 
HORT CONTAL STIFFNESS MATRIC FOR & LAYERS DIS E CALCULATOR FOR SIDE BLOCKS 
THIS IS A SIDEBLOCK SYSTEM FOR HULL 615 wITH S FT BUILDUP 
8 FOOT CENTERS 


E.EXNT $1 CONCRETE 


DEFTR TRANSVERSE HEIGHT 
El В| н 11 L1 
(PSI) (1N) (1N) (IN 4) CIN) 
1 .0000000€ +50 45 42 296350 24 
СЕ ТИЗ SEITEN? ШІЛ! ЛШ 


a Dun mm nn m on nn mm 





— = + —— + — — - — —— nn m m аЬ 


2.5705Х06%52 3.57Х900652 4,5390(Х%954 ٣04 


— -- À — 





rer nr A CN E. EA‏ کے ا و کے کے کے کک کے س ت ت س ست ست ت ت تت د ا 


TOF SHE AF ELEMENT‏ 7۷7ھ“ 
6lr CONTACT STRAIN SHEAR‏ 
(PSI) AREA LIN, IN! DEFLECT JON‏ 

(iN c (IN, 


2015 6.6571958Е-51 1.584:270Е-49 


A AAA оң» шы AAA AAA ld d LS з =ч = 


ELEMENTOS А 


DEF TH TRANSVERSE HEIGHT 
Ec Be He le Le 
(PS1) (IN) (IN? (IN'4) (IN) 
1.0000000Е +50 4 4 290352 ЕВ 


Iele a | БЕДЕ В +2 26ھ‎ 


Ee EE SE SS SS ES SS очи ча 


3.33398047E*5e 3.5737851Е+5: 5.3882180Е+54 2.6941091Е+54 








A — ہے‎ 


RISIDITY TOF SHEAR. ELEMENT 
eir CONTACT STRAIN SHEAR 
(PSI) AREA (IN/IN) DEFLECTION 

(INC 8) (1N) 


— — ے‎ р o mam oe as Gee سمج ت‎ ee oe © GP w a em me 


2016 6.9444444Е-50 1.5с77778Е-4 


A A 
————— d a ےو‎ ES SS ES SS A о 
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ELEMENT 4 3 DOUGLAS FIP 





DEP TH TRANSVERSE HEIGHT 
E3 ЁЗ M3 13 L3 
(PSI) (IN) (IN) (IN^4) (IN) 
"EEUU ٤ ٤ 12 24 13824 22 
12£313A3'3 7742 6)3 e£:13/L3 


шо s m а m ee ee we m‏ ت = کس ñ...‏ کے e a‏ ا س 


1.5078] 1.7137Е+50 2.5172453 1:563 


-æ — 








= 


RIGIDITY TH SHEAR ELEMENT 
61: CONTACT STRAIN SHEAR 
(PS1) AREA (IN/iN) DEFLECTION 
(IN 2) (IN) 
кнн - ٤ 232 43.311111Е-43 1.0534444Е-47 


A = =: = — = === == == = = == = = == = = =— — = = = x = = m= mÍ - — م س‎ 


ELEMENT € 4 DIS ISOLA OR 


DEF TH TRANSVEKSE EIGHT 
Е4 BA м 14 L3 
(PST) (IN) (IN) (IN 4) (IN) 
30 . 50000 48 42 295352 22 
1068413714 3  6£414/14"2 q£414/L4 414/14 











2.6885 +04 2.54574 +05 4.3379E «0€ 2 ,1688€ -D6 


= - om че з» ш оь mM RR Mo m ee =+ سد مھ‎ ы шь —— == = m  ——  — — = = — — — = = ہے‎ — FF 





RIGIDITY TOP SHEAR ELEMENT 
eir CONTACT STRAIN SEA TOTAL 
(PS1) AREA (IN/IN) DEFLECTION SHEAR 
(IN’2) (IN) DEFLECTION (IN) 
e? 2016 0.018182611 — 0.40001744c2 4.000g£ -01 


227 





— — — — — À a — иро ——  —  —— — ×× سے کہ‎ m oo — oe we ewe ee ew eo ж» «м «е «ке че «к» ee eee oe Oe Oe کے‎ — — ——À— M Р سے‎ АР سے سے سے‎ — — tu Que P um "m o cr o MD DP dium O en m mm 


SU? 90* 30GL EE" t 


60 G0*30bLG6' 2- 


$4} 9039/89172 


bb 50+30bL56*2 


EY} 00+ 900070 


E0 00+30000* 0 


64} 00+ 30000* 0 


20 00+30000* 0 


Tu) 00*30000' 0 


10 00*30000'0 


S0* 3 tL S5" 2- 


b0+ 395889" 2 


60+ 306/55 '0- 


00+ 305389" 2- 


00+ 30000” 0 


00* 30000 Q 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


903945972 


60+ 016255 '2- 


+2776 


009+, үе 


٠ (01 


25+3/Є1{`1 


00* 39000" 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


S0+ 3utLSb" 2 


tO 305839 2- 


25+3/Е14{°1- 


1 5۶65ا 


0> 1> 


+6 ]- 


000006 


00* 30000” 0 


00+ 30000" 0 


00 30000" 0 


60+ 30000" 0 


00+ 30000" 0 


EURE 


сог ГА 


+3156 


ES+30205'E- 


t5*3lte3'2 


76 


00+ 30000" 0 


Q0» 30009 9 


00+ 30000" 0 


00+ 30000" 0 


0 41 


15+ 35455" 1- 


£G* 302068" £- 


26+ 256b" € 


EG* 38£L9' E- 


65+ 38555 °5- 


00*30000' 0 


00+ 30000" 0 


00+ 30000" 0 


(00+ 30000" 0 


00» 3000070 


00+ 00070 


67ء" 


ESLE: 


55 1 


065 


0 ۰ئ 


6 30280" 


(T3188 553433115 


00+ 300007 0 


00+ 30000" 0 


00*30000' 0 


00+ 30000" 0 


ES + 38£L9" E 


66+ 38555 °5- 


65+ 36198 °5 


0 65 


٤ 380 - 


e$* 352 9" 2- 


00+ 000° 0 


00+00 


00+ 30000° 0 


00+ 30000 ° 0 


00+ 30000" 0 


00+ 000° 0 


2 6ئ 


5380 E€- 


٥٤6ط‎ 


76٤6 


00+ 30000" 0 


00» 900070 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000° 0 


66 


0+25] 


776,6ءعء 


0, 77/2 


š 


€8 
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NOA VALUES: 


a = 


№] = 01000192364 


Y OF SYSTEM BLOCKS = 
“1000 ids : 


- 3000 [N.RBS 


ш: Ф: 5: ЮЕ ҸЕ 4: ж 0 
gc = 1000 155 
91 = this 0 


SAL VEZ: MN MNG: 


a= 7.949018 -45 1л 


{һ2 5.3;5512%Ё-5) гас 


راد ےرت ہی 


ом 1002297956 -49 ғас 
q 1.137640g€ 37. п 


the 6,291 71 X£-45 rac 


25 9.14577М226 іп 


tht 0.0101440557 rae 


— =<. — - - < < á = - ó ó — a a ee se ee ee - 


ESE 1 2 


100€ -22000 


К ЖИНЕП ШЕЛ ЕУ 1 FEEL RIC = S. "SS2163F 99 lbs/in 3.1606 )۷ 
K HORIZONTAL: ALL eee) 3005: 2.550520%95) lbs/1n e. 590038 € +48 r;PS/IN 


б] = -1000.0000 
RE -30000.0000 
g = -0.0000 
< = =) .0000 
C: -0.00X 
"c -0.0000 
к : 0.0000 
M = -0.0000 
ne 1006.00 
№ = (۔‎ 600 
TOTAL SIDE BLOCK HORIZONTAL STIFFNESS COEFFICIENT CALCULATION: 
Khs (SIDEBLOCK HORIZONTAL STIFFNESS) = P/(BENDING DISPL + SHEAR DISPLACEMENT) 
je \ 
Khs : 9 KIPS/IN (PER BLOCK! 
rhs : 52.534 KIPS, IN (ENTIRE SITE BLOCK SYSTEM) 
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DSL S EDUC t 
ее все о 

















: =l | 
11-Jan-88 ду 7 
رت‎ C = 
- F — 
HORIZONTAL STIFFNESS MATRIX FOR 4 LAYERS DIS E CALCULATOR i ANO 
THIS 15 A KEEL SYSTEM FOR HILL 516 WITH 5 FT BUILDUP Є 
8 FOGT CENTERS К | | 
MES 7 Е са ұт 
ELEMENT 01. CONCRETE KO... - 3 
DEPTH TRANSVERSE HEIGHT 
El 2 н! 11 L1 
(PSi) (IN) (IN) (14-4) (IN) un Pd 
EE 1 Os. GOP eet A AE 
1 .0000000€ «50 42 48 387072 27 
E AEL 2E111/L1 
2.35%8254Е452 1.1357779Е+53 5.7344000%54 2.38720006+54 
7 TOP SHEAR ELEMENT 
Gir CONTACT STRAIN SHEAR 
PSI AREA LINZ iN) DEFLECTION 
IIN Z) (IN) 
ТИГ 2016 8.2571952Е-51 2.232140 -49 
EPEN t 0% 
TH TRANSVERSE HEIGHT 
E2 BE He 12 LE 
SI) IN (IN) (IN^4) (IN) 
1.0000000€ «52 4 4g 387072 29 
1۱82:8۷۵۰ 2 2إ( ح82 ف۸ ة2‎ 2212/L2 
1.7744914Е+52 2,7615125Ё+52 5.z38«e41E«54 2.665462 1E«54 
RIGIDITY TOF SHEAR ELEMENT 
Gir CONTACT STRAIN SHEAR 
(PSI) AREA (ІМ/18) DEFLECTION 
(мә) (IN) 
"кынкы н 2015 6.3444344Е-50 2,013888 -46 


<a eaman aae an a e reer e O A DD nn 
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ELEMENT £3 DOUGLAS FIR 


DEF TH TRANSVERSE HEIGHT 
3 B3 "nz I3 L3 
(PST) (ÎN) (IN) (IN °4) (IN) 
ТҮПҮТ 4c 48 387072 4 


ee مت نوا‎ AM ee ee ee ee ee E. ee 


егізі е 75651205 2 4313/13 ۶133 


= ———————————— a 4 ت‎ Á T. s a DUE PAD مہ‎ ee 


ЖЕЗ EE o4 1.481955 3.870755 5 


en d — سے‎ 








un zum m mu mm ua سے ےہ ہے‎ om مے ہے راک‎ 


RIGIEITY TOF SHEAR ELEMENT 
БІ” FEAST STRAIN SHEAR 
(PS1) 5547 (ІМ/ ІМ) DEFLECTION 
iin? (IN: 
er ad d dat 2016 6,4444442-50 2.7777773-4? 


-e کس چ چ چ د چ چ چ سے ت اک ا کک کس‎ o cp -.. НАИ p dm | a ds a A е чш чир کے کے‎ A E «а-а» өш» «ше өше کس مکی کیک‎ A e = سے‎ — e “> 





Е.ЕМЕМ 85 -— تینہ چپ‎ 015 ISULATURAS 
Erin TRANS VERSE EIGHT 
EQ Ba на 13 185 
(PSI; (IN) (IN) (1874) (IN) 


eae ee eee ee ee Eon d M d AA A a a AAA ہے‎ 9 





1597 ¿00000 42 45 387072 29 


Pr—————————————M———————Á——— ہی‎ 


6 7723 414,472 4£414/L4 e£414/L4 


=== = = = = > >>> o o کھت‎ chew See Se Se ee ee e اک‎ 





4,5 2.56256 «06 ۹10707 7 


= = e ےھ ھا وھ ہے وہ دک ہے‎ RR, UE» Uu UE SE SE ш ш ee UE UR ш = ош ш eee ee ee ee See Owe ee 


RIGIDITY TOF SHEAR ELEMENT 
Gir CONTACT STRAIN SHEAR TOTAL 
(FSi! AREA ИМАМ) Der LECTION SHEAR 
UN 2 (1N) DEFLECTION (IN) 
224 2016 %.0009540976 0.0055, ММ Ê EÊ E 


2931 





KNOWN VALUES: 4 SYS EM RCOCES = 


gl = -1000 lbs 
М) 2 01811825546) 2 -85000 INLBS 
2:%2-022:%2:М-0М:06 0 

95 = 1000 ibs 

ol * thiz 0 


ч ж шо 4 =.‏ „ و س س س س س ص ا س کے س س ر س صت لے سا ص کسی ج жые — == з» — ч ә шо ош чо ш оао юкос‏ 


SOLVED UNKNOWNS : 


26: 7.155806Ж-49 іп 


tne 4. 98744428-"0 rac 


5671142-46 (۲ کک‎ ау e 

th2 3,240 5273-50 rad 
QA 2.22532-42 іп -20700000 -4202%0 
thd 8.505545 -50 гас 
85 0.006554 343: 1л -1000 - 25000 
{15 0.0005152259 гас 
K HORIZONTAL) FOR I KEEL ۲٣٢0 z 3.208207 7E* 90 ibsin 3.306307 E «47 kIPS/IN 
k (HORIZONTAL) ALL FEEL MOCKS = 9. 5%0903€+51 lbs/1n 9,5092 € 48 KIPS/IN 
MATRIX СНЕ: 

Gi = = 1000 .0000 

М: = - 35000. 0000 

82 = -0.0000 

Mc = -0.0000 

6: = -0.000€ 

МЗ = 0 „(ҳк 

4 = ۰۴ 

№ = 0.0654 

05 = 1000 .0052 

M5 = 70.0694 


TOTAL KEEL BLOCK HOFIZONTAL STIFFNESS COEFFICIENT CALCULATION: 


A m cde ae ы ш GA ш шш шы لد‎ 


Khs (KEEL BLOCk HORIZONTAL STIFFNESS) = P/(BENDING DISPL + SHEAR DISPLACEMENT) 


31.3100 
Khs š 3, ۷ (FER BLOCK) 
кб = 907.58 КІРЅ/ІМ (ENTIRE KEEL BLOCK SYSTEM) 
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11-Jan-88 


HORICONTAL STIFFNESS MATRIX FOR à LAYERS DIS E CALCULATOR 





THIS 1$ & KEEL SYSTEM FOR HULL El6 WITH 5 FT BUILDUF 
o FOOT CENTERS 


ELEMENT @ 1 CONCRETE 


DEF TH TRANSVERSE HEIGHT 
1 5) Hl 11 El 
1) (iN) (IN) (IN'4) (1N) 
1 .0000000€ + 50 42 48 357072 27 
۶ 3 GEIL! ЗП e£11I/L1 


0.2232254:-56 3.125777953 5.7344(ХХЖ6>54 2.86760004 


RIGIDITY T SHEAR ELEMENT 
elr CONTACT STRAIN SHE AF 
(FST) ЕЁ ۸۷ [EFLECT ION 
an ch IN 
PH nr n 20156072۴۰361 22 2190007-9 
ELEMENT Ac 2 
DEF TH TRANSVERSE HEIGHT 
tc be He 12 Le 
PST) IN) (IN) (1N^4) (IN) 
1, 0000000€ *50 &c 48 387072 29 
12£218/18"3 6216/٤ 821212 22 ۶ 
1.3044514Е+52 2.751=125Е+53 5.23830416954 2.56346216»54 


RIGIOITY TOF SHEAR ELEMENT 
eir CONTACT STRAIN HEAR 
(PSI) AREA (IN/IN) DEFLECTION 
ШЕ (IN. 
0۱+000٤ 2016 6.9444444E -50 2.01 ш E 


ре ооо += mo‏ .== == سے وو ہے ما و وچ تج یداد ee‏ عو — - ےا جم 
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ELEMENT @ 5 DOUGLAS FIR 


DEF TH TRANSVERSE HEIGHT 
ES B3 Mz 13 L2 
(FSI, (IN) (IN. (IN'4) (IN) 
Hr a d +٤ 42 48 387072 4 
12062131133 2151376 4 3ك‎ 2Е313/13 


710+ 5 3.8707 •55 1.9354 +55 





۸] 17 TOP SHEAR ELEMENT 
eir CON CS STRAIN SHEAR 
‘PST! AREA (1N/ IN) DEFLECT ION 
E (IN) 
кнн + ee 6.3444444Е-5) 2,7777775Е-49 
DIS ISoLATORS 
EEEN ga I eT eO rte ) 
DEF Tm TRANS VERSE HE OHT 
Es B4 ma 14 ЁЗ 
FS IN) (IN) (IN^4) (IN) 
186 . 00000 42 48 387072 25 


mn‏ ...دح м м ш шч e E шош шеш‏ = تسد اس اس سا اس 


1224147143 „4144472 4€419/L4 2-6۹ 


MED m Án s MR nn ee‏ مہ um‏ — سے سے 


5.5095“ 4 1605ء‎ 1:1 9. 7536E *06 


RIGIDITY ТР SHEAR ELEMENT 
біт CONTACT STRAIN HEAP TOTAL 
(PSI) ARER (1N/ IN) DEFLECTION SHEAR 
(IN e) (IN) DEFLECTION (IN) 


< = = = = = = — — = — — о و د کے‎ e a a A — — a m s “m 


2015 0.007869275 5 16 E SET 


cr 
la) 
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—— —— ےە‎ e e l ہے ےہ لیے و‎ — A M —MÀÀ e ہہ ہے ہے (ہ> — — — سے ہہ ہا نے ہس‎ a A чь M — ш ч шз чє шь ——  — — е» = -— - — c — — шь нз == =з» M e чо чш шо шш а a — À—— — шә» ш шо чь чь чь шь чь шо чє ہد‎ єз ш» o — m um — Se eee ee ee 


6771 ء) ۷ 


GD 60*395116'3- 


tu) WERSL'S 


фо 60+396116°9 


#4} 00+30000°0 


£0 00«30000' 0 


24} 00+ 30000" 0 


оо 00+ 30000'0 


TY 00% 500070 


10 60+30000* 0 


60+ 3961 16'9- 


۲٥۶30605 


0» 395 115 *9- 


%» 352625 5- 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


004 30000' 0 


00*30090' 0 


۹0+3636 5 


60+ 395116°9- 


7۳,٤‏ و9 


5 7 


55+3825] 


66+ 36166 I 


00+ 30000" 0 


00* 30000" 0 


00+ 30000" 0 


00s 30000" 0 


60+ 396116" 9 


0 352606 S- 


SS*3slsb' l- 


3 


66+ 36156" l- 


%539/527/- 


00* 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


Q0* 30000 Q 


00* 30000* 0 


05+ 300090" 0 


65939571 


SS+ FISH’ l- 


ا 567 


55+3001 


7 


17/2 


00+ 30000" 0 


00+ 30000" 0 


00* 30000" 0 


004 30000" 0 


езгі 


%»39/6271- 


65+ 1 


6)0 


ES RIN’ e- 


25+ 36006" 1- 


00+ 30000" 0 


00+ 30000" 0 


90300000 


00 30000" 0 


00 30000" 0 


00+ 30000" 0 


(53559972 


569%190- 


553570171 


2583202 %- 


%5%32/9872 


E+ BE 


X419. ٤٥915 


00* 39000" 0 


00*30000' 0 


1+ 30000" 0 


00 30000" 0 


7702ء 


8+ T- 


0+1 tb- 


eS X t92' b 


66+ 38631 °5- 


25+ 38655 °с- 


00* 30000" 0 


00*30000' 0 


00+30000* 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


%»32/9872 


39 ° £ - 


6756 


+76 


00% 3000070 
00+ 30000'0 
00+ 30000" 0 
00+30000* 0 
00+ 30000" 0 
00*30000' 0 
26 +38581'Е 
06+ 3866 '02- 
6 


eSt ISE? 


SH 


r 4 £ 


ы 


TH 


10 
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END VALUES: 


qs ٠۴ SYSTEM BLOOS = 


-1000 los 
М] = 9191-14 A "БОК ІНЕ 
Q = M = 05: 0: м = = 0 
05 = 1000 Ibs 
al = this 0 


06= 7.1555080Е-49 1n 


196 4.5574442Е-50 газ 


-81 -K 


6571146-48 ۰۲ -28402.%2551 -521312.0095) 


th3 5.2455279Е-5) rad 
44 3.0625325-45 п - 20700000 42225000 


1۸4 6,505545Е-5) газ 


05 0.076342 529 in -100 -25000 


185 0.004340555 гас 


K (HORIZON ALI FOR 1 FEE, ROCK 3 3.30630 77E* X. lbs 3.308307 7E «87 «1PS/IN 
k (HORIZONTAL) ALL KEEL BLOCKS = 9.2940903E*5] s/n 9.534093 +48 КІРЅ/1М 
MATRIX CHECK: 

Q! = - 196 . 0000 

М] = - 83000 . 0000 

Ge = -0.0000 

М = -0.0000 

93 = -0.0000 

№ = -0.0000 

04 = -0.0000 

м = -0.0000 

05 = 1000 .0000 

М: -0 ,000С 


= — — — — = — = — —— = = — — = = — — — — — — — —— = = — = — — = = = = — y = — шш ER Rm шт җә шә. шә Ep qi Mb ФР ы AAA s WE «> «е ee oo @ "a ے نے‎ 
© әже «ше Б ао = س‎ n n 4: 


TOTAL KEEL BLOCK HORIZONTAL STIFFNESS COEFFICIENT CALCULATION: 


Í- س‎ =< == —— = — — a eS A AA = ЕУ 


Khs (KEEL BLOCK HOFIZONTAL STIFFNESS) = P/(BÉNDING DISPL + SHEAR DISPLACEMENT) 


3.7200 
Khs = 3.72 KIPS/ IN (PER BLOCK) 
Khs = 107.78 KIPS. IN (ENTIRE KEEL BLOCK SYSTEM) 


= - —— = = = — = = = —— = = m = == = == د‎ = = = = = 





feet eee — = — = — —  — m = = 
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5۲5٣13-٦۲۰ ٣۲۰۹6 ٠۴۰۱۲۰7061 6٠۰گ‎ ٣٦٦۶ ۶ ٣ 5 
Spreadsheets. 9 % ٠ Ф Ф Ф Ф % % & 0 


VERTICAL STIFFNESS CALCULATIONS FOR DRYDOCX BLOCKS 
HULL TYPE 616  DOCXING PLAN Y a  B45-2006640 
SYSTEM 4 9% El KEE: ROS ORIGINS Fr sus tn ls 


OAK REMOVED ISOLATORS INSTALLED 
BLOCK SPA 8.00 FEET 


VERTICAL STIFFNESS: 


— ee —- --— 


PIER 
LEVEL MATERIAL E LENGTH WIDTH HE! SHT K 1/K TOTAL K 
$ (FSI) (IN) (IN) (IN) (KIPS iN (КІРО/ІМ 
(DEPTH) (TRANS VERSE? 
(B) (H) (L) 
1 D.FUR 12539.19 42.00 24.00 e. 00 6313. 75 0.000158 1159. 34 
d D.FUR 12539.19 42.00 24.00 2.00 6319.75 0.0001582 | 
3 015 4.07 48.06 25,0 lan. 1 
4 CONCRETE 4000000.00 42.00 48.00 31.00 260129.03 0 .0000038 
1845. - 
4 TOTA & 
BLOCKS 5% OF BLOCK SY 
(KIFS/ i Е 
63799 .62 
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VERTICAL STIFFNESS CALCULATIONS 

HULL TYPE 616 DOCKING PLAN € =  B45-2006640 

SYSTEM 4 90 El SIDE BLOOS ORIGINAL PER DOCKING DRAN ING 
OAK REMOVED ISOLATORS INSTALLED 

BLOCK SPACING = 8.00 FEET 


VERTICAL STIFFNESS: 


PIER 
LEVEL MATERIAL E LENGTH WIDTH HEIGHT K 1K TOTAL K 
t (PSI) (IN) (IN) (IN) (KIPS/IN) (KIPS/IN; 
(DEPTH) (TRANSVERSE: 
(B) (H) (L) 
l D.FIR 12539.19 12.00 24,00 3.00 1203.76 0.0۸۵۳۳۰۰ 31.6. 
e D.FIR 12539.19 ۵ j 3.00 1803.76 0.0008307 
3 DIS 48,00 52.06 22 0 850,7 شر‎ 
4 COMCRETE 4000000.00 48.00 42.00 46.00 175304 .35 0.0000057 
x, { TOTAL ۶۰ 
BLOCKS 29 OF BLOCK SY 
(KIPS/IN' ; 
10198 ‚22 
VERTICAL STIFFNESS CALCULATIONS 
HULL TYPE 616 — DOCKING PLAN =  845-2006640 
SYSTEM 4 90 E2 SIME ROCKS igi tl Wu 7 
OAK REMOVED ISOLATORS INSTALLED 
BLOCK SPACING = 8.00 FEET 
VERTICAL STIFFNESS: 
A EN" PIER 
LEVEL MATERIAL E LENGTH WIDTH HEIGHT K Ix TOTAL K 
f (PSI) (IN) (IN) (IN) (KIFS IN (KIPS. IN 
(DEPTH) (TRANSVERSE) 
(B) (H) (L) 
І D.FIR 3473.50 12.00 24,00 3,00 333,6 0.0092 129.08 
e D.FIR 3475.90 12.00 24.00 3.00 333.46 0 .0029989 
3 DIS 48,00 42.0 22.00 856,06 0.001 17%. 
4 CONCRETE 4000000.00 48.00 46.00 175304 .35 0.0000057 
850 ۷ i TOTAL + .> 
BLOCKS 29 OF BLOCK SY 
(KIFS:]% : 
4039.02 
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pre re ee ee s — FV Ree um ARRAS UE UP V dE. do de V de ے ہے ہے‎ 9- de de cm =з ہے‎ 


"Ro 4e Ae cm cm de de die m de de m єз = = 


Khs (SIDEBLOCK HORIZONTAL STIFFMESS) = P/(BENDING DISPL + SHEAR DISPLACEMENT) 


Khs E 4.0 КІРСІН. (PEE 13 (r 
s z 124,71 КІРЅ/ІМ (ENTIRE SIDE BLOCX SYSTEM) 


TOTAL SIDE BLOCK HORIZONTAL STIFFMESS COEFFICIENT CALCULATION: 
SYSTEM 90 E2 


a —— HP — - — ہے‎ a—— جح سيا ہے سے ہے‎ ев A Aum m am m P um umm Mm чш чє MU UR ee шеш» ш ew ш че ш aec me am am dm сс ш anus m d аш 


Krs (SIDEBLOCK HORIZONTAL STIFFNESS) = P/(BENDING DISPL + SHEAR DISPLACEMENT) 


Khs = 0.45 KIPS/IN (PER BLOCK) 
Ks = 12.93 KIPS/IN (ENTIRE SIDE BLOCK SYSTEM) 


TOTAL KEEL BROCK HORIZONTAL STIFFNESS COEFFICIENT CALCULATION: 
SYSTEM 90 El 


ewe ee te —= - --.- 


Kik (KEEL BLOCK HORIZONTAL STIFFNESS) = P/(BENDING DISPL + SHEAR DISPLACEMENT) 


Khi = 10.78 KIFS/IN (PER ROCK) 
Khk 2 593.06 КІР5/ІМ (ENTIRE KEEL BLOCK SYSTEM) 


TOTAL KEEL BLOCK HORIZONTAL STIFFNESS COEFFICIENT CALCULATION: 
SYSTEM 90 Ee 


Khk (KEEL BLOCK HORIZONTAL STIFFNESS) = P/ (BENDING DISPL + SHEAR DISPLACEMENT) 


Kik z 1,28 KIPS, 1% (FER Fs fi 
Khk z 20.55 KIPS/IN (ENTIRE KEEL BLOCK SYSTEM) 
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"3DOFRUB" System 90 Output File . . 


„aa System GO жөн 


wa Hull 516 4” 


* Ship Farameters ٭‎ 
Weight Moment of Inertıa ۲ 
1239,99 > 29410951.0 k1ps-1n-sece 193.0 ins 
* Drydock Farameters « 


Side Block Height Side Block Width Keel Block Height Keel Block Width 


74.0 ans 939.0 ıns 60.0 ins 339.0 ins 
Side-to-Side Fier Distance Wale Shore Ht. Wale Shore Stiffness Cap Angle 
194.0 ins .O ins JO kıps/ımn 2.377 rad 
1біде Side Fier Contact Area Total keel Pier Contact Area kkhp 
8352.0 ına 55440.0 ın? 70.6 kıps/ın 
E/E Friction Coeff H/EB Friction Coeff kshp kvsp 
3.000 SSO 12.9 kıps/ın 4039.0 kips/in 
Side Fier Fail Stress Limit Keel Fier Fail Stress Limit kv} p 
2700 kıps/ine «700 kips/ine 63739.6 kips/in 
Side Fier Vertical Stiffness Side Fier Horizontal Stiffness 
1۱91:3626 6 124.7 kıps/ın 
keel Pıer Vertıcal Stıffness Keel Fier Horizontal Stiffness 
63793.6 kips/in S9S.0 kips/in 
071 оге QDS ора 
606.4 К1рѕ 132.0 kips eeeo.9 Kips .О kıps 


* System Farameters and Inputs * 
Earthquake Used 1s 19340 EL CENTRO 
Horizontal acceleration input is HORIZONTAL 


Vertical acceleration input 15 
Earthquake Acceleration Time History. 


Vertical/Horizontal Ground Acceleration Ratıo Data Time Increment 
1.000 .010 сес 
Gravitational Constant ^ System Damping 
256.03 in/sece 8.00 % 


Mass Matrıx 


42.3932 . 0000 182,0420 
. 0000 42.3332 . 0000 
86183.0420 . 0000 2410451 ¿0000 


Damping Matrix 


28.1528 ¿0000 3904 „ 7339 
.0000 302.3049 .0000 
3904.7333 -ОООО 2110934 .2033 
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Stiffness Matrix 


842.4400 ¿0000 3491 .£88£00 

‚0000 84196.0500 . 0000 

39431 .£8200 . 0000 100€352346.7016 
Undamped Natural Frequencies Mode #1 Mode #2 


3.850 rad/sec 12.738 rad/sec 


Mode #1 


a aso 
Y. IO 


Damped Natural Frequencıes 


For Earthquake Acceleration of 100.00 4 of 
Maximums/Failures X (ins) Y (ins) 
Maximum X 15.016106 
Maxımum Y -.116897 
Maximum Rotation 
Side block liftoff 636733 -.007390 
Side block crushing ео еее 
For Earthquake Acceleration of 30.00 % of 
Maximums/Fai lures X (ins) Y (ins) 
Maximum X 3.52 700€, 
Maximum Y -.107915 
Maximum Rotation 
Side block slıdıng -2,5609007 —030595 
5 6ہ‎ 0٣ہے‎ overturning -9S.260400  ے۔ 7ے‎ 
Side block liftoff ‚212807 .017836 
Side block crushing Su I S .Oegeogea 
For Earthquake Acceleration of 80.00 ^ of 
Maximums/Failures X (ins) Y (ims) 
Maximum X 10.68680۹ 
Maximum Y - .096e2e 
Maximum Rotation 
Side block sliding . 775303 -.012193 
Sıde block overturning 2772508 95 
Side block liftoff - 605223 099976 
Side block crushing HOE 71E5 5 —-.010416 
For Earthquake Acceleration of 70.00 % of 
Maximums/Failures X (ins) Y (ins) 
Maximum X 10. 703546. 


Maximum Y 


Side bloc; liftof+f = Е 
Side block crushing 3 ¿002034 
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rad/sec 


¿CICESE 
3 


Mode #2 
12.697 rad/sec 


the 1940 EL CENTRO 


Theta (rads) 


.04052< 
. 003087 
. 010071 


the 1940 EL CENTRO 


Theta (rads) 


.059428 
.000234 
ODOC AG 
. 002483 
1ء‎ 0 


the 1940 EL CENTRO 


Theta (rads) 


Mode 


34.562 


Моде 


34.4313 


Time 


Time 


Time 


#3 
rad/sec 
#3 
rad/sec 


(sec) 


(sec) 


(sec) 


.041311 
- .004976 
-,.,00437€ 
- .002010 


.0ءء 


the 1240 EL CENTRO 


Theta (rads) 


Time 


(sec) 


6 02ء ے 
2005S.‏ 








For Earthquake Acceleration of 60.00 % of the 1940 EL CENTRO 


Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec) 
Maximum X MON N N W W W W W 18.08 
Maximum Y ++ پ7٦‎ I JE 
Maximum Rotation -.041717 18.43 

Side block liftoff -.740307 ‚038385 = .002281 3513 

Side block crushing e.1esese -.003338 2005905 9:81 


For Earthquake Acceleration of 50.00 % of the 1940 EL CENTRO 


Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec? 
Maximum X 10.189670 пее 
Maximum Y -.058069 ONSE 
Maximum Rotation -.041047 18.37 

Side block sliding . 305700 ¿007255 20099398 9.04 

Side block overturning ¿203700 7ءء‎ = Oe oa. 2.04 

Side block liftoff - 7267 ھ+ء‎ 6090 -.002297 5.16 

Sıde block crushıng .074379 UG SOS VOS. 1 9.83 


For Earthquake Acceleration of 40.00 Y of the 1940 EL CENTRO 


Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec) 
Maximum X 10. 58.06.04 TELS 
Maximum Y - .046455 ce 
Maximum Rotation = <. O01 TES 19.1 

Side block liftoff -.974492 .021 782 = .002490 8.30 

Side block crushing 2.984180 -.010294 ‚ 099755 15.82 


For Earthquake Acceleration of 30.00 4 of the 1940 EL CENTRO 


Maximums/Failures X (ins) Y (ins) Theta (rades)? Time (сес? 
Maximum X 4976 9,04 
Maximum Y -.034841 5.32 
Maximum Rotation .001783 9,20 


No failures occurred. 
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For Earthquale Acceleration of 


Maximums/Failures 


Maximum X 


с á ii 


نے -€- 


Maximum Rotation 
Side block liftoff 
Side block crushing 


X (ins) 


11.118843 


845572 


For Earthquake Acceleration of 


Maximums/Failures 


سے سے سد — — — — — — — — — — — — — 


Maxi 


Maximum Y 


mum X 


Maximum Rotation 


Side 
Sıde 
Sıde 
Sıde 


block 
block 
block 
block 


slıdıng 
overturnıng 
l1 ftof f 
crushing 


10,650563 


Sees 7 Os 
о 
.908778 
1.821167 


For Earthquake Acceleratıon of 


Maxımums/Faılures 


— — — سے ہے سے سے — سے سے سے ы «шие «шы ds  —‏ 


Maximum X 
Maximum Y 


Maximum Rotation 


NO failures occurred. 


X (ins) 


1.146910 


55.00 я 


37.00 % 


SIA 


> 9َ 7 
= 21097393 


of 


-.044132 
010ге 
59109922 


= “OOOO 
- .009694 


оғ 


Y (ins) 


— —  - — — - 


-=.092371 
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ot the 134 EL 


СЕМІКІ 


Theta (rads) 


- _ ہے = 


.OQoSe1 
. Oden SE. 
- .009504 


the 1990 EL CENTRO 


Theta (rads) 


.091563 
-.0093% 7 
=- ¿009957 

. ООРЕ1Е. 

.010243 


the 1940 EL CENTRO 


Theta (rads) 


(900199 


Тіте (сес) 


18.43 


pa 
. 
т. 


фу. 
O un لہ‎ 


pe 
( 


Time (sec) 


Time (sec) 


YER 
نم رہ نم‎ 
© A D 





"3DOFRUB" System 90 Input Data File 


*&** SHIF/SUB DRYDOCK BLOCKING SYSTEMesss DATA FILE: EFE:SSQISO.LAT 


### INPUT FILE DATA### 


SHIF NAME: LAFAYETTE SSEN 616 

DISCRIPTIL | OF ISOLATORS IF USED: BILINEAR WOOD W/ ISOLATORS 

ПІССКІРТІОМ OF BUILIIUF: € SFACING COMFODSITE 

DISCRIPTION OF WALE SHORES USED: NO WALE SHORES 

PISCRIFTION OF ПАМҒІМС: $ У ПАМЕ ІМС 

LOCATION OF DRYDOCK BEING STUDIED: NO SPECIFIC LOCATION 

NAVSEA DOCKING DRAWING NUMBER: e45-eoo0rtcqo 

REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: SIKHORIG.WKI1 & SISHORIG.WK1 
MISC. COMMENTS: S301S0 . DAT 256 4 МАК 98 


SHIP WEIGHT (KIFS) W= 1E63£9,9 
HEIGHT OF KG (IN) H= 133 
MOMENT OF INERTIA  (KIFS*IN*SEC^28) Ike 2410451 
SIDE FIER VERTICAL STIFFNESS (KIPS/IN) Kvs- 10196.22 
SIDE FIER VERTICAL FLASTIC STIFFNESS (KIFS/IN) Kvsp= 4039.02 
KEEL PIER VERTICAL STIFFNESS (KIPS/IN) KVK= 63799.62 
KEEL PIER VERTICAL FLASTIC STIFFNESS(KIFS/ IN) KVEF= ESILE. 
HEIGHT OF WALE SHORES (IN) AAA= O 

WALE SHORE STIFFNESS (KIFS/IN) KS= O 

SIDE FIER HORIZONTAL STIFFNESS (KIFS/IN) KHS= 129.71 
KEEL FIER HORIZONTAL STIFFNESS (KIFS/IN) КНК= $95.02 


SIDE PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KSHP= 12.93 
KEEL FIER HORIZONTAL FLASTIC STIFFNESS(KIFS/ IN) KKHF= 70.5% 


RESTORING FORCE AT O DEFLECT KEEL HORIZ (KIPS) QD1= 606.41 
RESTORING FORCE AT О DEFLECT SIDE HORIZ (KIFS) Qb2= 132 
RESTORING FORCE AT O DEFLECT SIDE VERT (KIPS) QD3= 2269.88 
RESTORING FORCE АТ O MEFLECT kEEL МЕК! (IFE) Glıy= д 
GRAVITATIONAL CONSTANT (IN/SEC^2) GRAV= 386.09 
SIDE BLOCK WIDTH (IN) 5ВЫ= 339 
FEEL BLOCK WIDTH (ІМ) KBW= 999 
SIDE BLOCK HEIGHT (IN) SBH= 74 
FEEL BLOCK HEIGHT (IN) KEH= 20 
BLOCK ON BLOCK FRICTION COEFFICIENT Оі= 9 
BUIBBEDLTERFOER FRICTION COEFFICIENT Ue 242 
SIDE PIER TO SIDE PIER TRANSVERSE DISTANCE (IN) BR= 144 
SIDE FIER CAF FROFORTIONAL LIMIT 56 7 
KEEL PIER CAP PROFORTIONAL LIMIT KCPL= .7 
TOTAL SILE FIER CONTACT AREA (ONE SIDE» CIN er SAFE. Estir 
TOTAL KEEL FIER CONTACT AREA (IN? 2) KAREA= 55440 
FERCENT CRITICAL [CAMPING ZETA= .08 
HULL NUMBER (XXXX) HULL= 616 
SYSTEM NUMEER (XXX) | NSYS= نو‎ 

CAP ANGLE (RAD) BETA= .377 
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